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MUK 7 -ax peflaKmra: 
H05H 1/54; F03H 1/00 

HMIiyjIbCHtlll nJIA3MEHHMH YCKOPHTEJCb H CHOCOB 
y CKOPEHHfl n JIA3MM 

06nacmb mexnuKU 

H3o6peTeHHe othochtch k iijib3mchhoh tcxhhkc h k iuia3MeHHBiM TCXHOJioraflMH, a 
6ojiee KOHKpeTHO - k mia3MeHHBiM ycKopHTejiHM h cnoco6aM ycKoperoia mia3MBi, KOTopne 
Moiyr Hcnojn>30BaTbCH, b nepByK) onepe^, jmz co3flaHH5i peaKTHBHOH thth, HairpuMep, b 
KanecTBe 3JieicrpopaKeTHoro OTHraTejM (3P.ZQ, ycTanaBxrHBaeMoro Ha 6opny KOCMunecKoro 
jieTarejitHoro annapara (KJIA), a TaiOKe nna reHepauHH bbicokockopocthbix njia3M€HHBix 
hotokob npa npoBe^eHHH SKcnepHMeHTajibHHX HccjieAOBaHHH h moacjibhbix HcnbrraHHfi. 
KpoMe Toro, H3o6p6TCHHe Moacer npHMeHKTBcn jura ocymecTBjieHHH pa3JiHHHoro poaa 
TexHOJiorHHecKHX onepaimfi no o6pa6oTKe H3AejiHH h MOflH^HKamm cbohctb MarepHajioB. 

Tlpediuecmeywuiuu ypoeenb mexnuKU 

IIjia3MeHHBiMH ycKopHTejiHMH npHHHTO Ha3HsaTb ycrrpoficTBa, nocpe^cTBOM KOTOpfclX 
npoH3BOAHTCH HOHH3amiH pa6onero BemecTBa h nocjie^yiomee ycKopeHHe HOHH3OBaHH0ro 
ra3a (iuia3MBi) noa achctbhcm ajieiopoMarHHTHBix chji h chji ra30Boro aaBJieHHH b npouecce 
reHepauHH aneKipHHecKoro pa3pH#a. 

YcKopeHHe mia3MBi b iuia3MeHHMX ycicopHTejMx nponcxoOTT b pe3yjiBTare 
3JieiopHHecKoro npo6oa MexcajieiapoOToro npoMe^cyTKa. B CTamioHapHBix nna3MeHHBix 
ycKopHTejwx fljiHTenbHOCTB 3JieKTpHHecKoro pa3pa^a flocTaroHHO npoflOJi»CHTenBHa - 
xapaicrepHoe BpeMH npo6oa t cocxaBjraeT He MeHee o^hoh ceicyHflBi. B HMnyjiBCHBix 
iuia3MeHHBix ycKopHTejiax (Hliy) 3JieKTpHHecKHH pa3paa hocht 6ojiee KpancoBpeMeHHBifi 
xapaierep. fljiHTeJiBHOCTb HMnyjiBCHoro pa3pHfla cocTaBJiaeT t - 1 - 100 mkc. 

HMnyjiBCHBie mia3MeHHBie ycKopmrejiH b Hacrojimee BpeMH npHMCHHioTCfl KaK 
HcnoJimrrejiBHBie opraHBi CHcreM ynpaB^eHHfl KJIA, a TaiOKe b KanecTBe HMnyjiBCHBix 
HHEceicropoB HH3KOTeMneparypHOH nna3MBi. 

KaK H3BCCTHO, jsjivl no,zmep>KaHHfl 3a^aHHoro opGHTajiBHoro nojioaceHHH KJIA b 
npouecce topmohcchhh b othochtcjibho naoxHOH ocTaTOHHoft aTMOc^epe KocM»raecRoro 
npocrpaHCTBa ijejiecoof)pa3HO HcnojiB30BaHHe Mamora5apHTHBix flBHrarejiBHBix ycTanoBOK c 
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HH3KHM nOTpe6jieHHeM 3JieiOpHHeCK0ft 3H«prHH, TaKHM Tpe60BaHHHM yflOBJI€TBOpHK)T 

jDCBHraTejibHMe ycTaHOBKH Ha 6a3e VHTY. B 6ojibinHHCTBe tskhx ycTaHOBOK b KanecTBe 
pa6onero BemecTBa Hcnojib3yeTca TBep^wfi flH3JieicrpHK, BHmejwionmH ra30o6pa3Hwe 
npo^yKTBi b pe3yjn>TaTe aSjunmn non B03fleftcTBHeM xemiOBOH h JiyHHcroft 3HeprHH 
reHepnpyeMoro sjieKipHHecKoro pa3p^a. 

B HacToamee BpeMH npoaBJiaeToi TeimeHU^HH k mnpoKOMy Hcnojib30BaHHK> b KpCMOce 
cpaBHHxenbHO npoerux no KOHCTpyKiura h aemeBbix HH3Koop6HTajn>HUx (c bmcotoS 
op6htw Ho P 6= 400-1000 km) MajiOMaccora6apHTHWx kocmettcckhx annapaTOB (MKA), 
HMeiomnx xapaicrepHbie Maccw b ^Hana30He ot 50 flo 500 kt. OjmaKo Tajrae MKA o6jia#aioT 
cymecTBeHHO orpaHHHeHHbiMH bo3mohchocthmh 3HeprocHa6»ceHHH 3Pfl, oGecnenHBaiomHx 
BBicoKyio tohhoctb nojmepHcaHitfl op6HTajibHbix napaMeTpOB KaK oTaejibHbix MKA, TaK h 
rpyiranpoBOK MKA. JJjw 3thx uejieft Tpe6yK>TCfl BbicoK03$4)eKTHBHbie Majiora6apHTHbie 

cnoco6Hbie EoppeKTHpoBaTb h CTa6nnH3HpoBaTb op6HTbi MKA ripn MHHHMajibHOH 
noTpe6jiHCMOH MomHocra. 

CraijHOHapHbie njia3MeHHbie ycKopirrenH, Hcnojn>3yeMbie b KanecTBe 
sneKTpopeaKTHBHEiXEc^BHraTejieH nsw ynpaBJieHHa MKA, otJjiaaaiOT p^woM cepbe3Hbix 

HeAOCTaTKOB, K «BHCJiy KOTOpWX OTHOCHTC^: CJI03KHOCTb KOHCTpyKUHH IIJia3MeHHOrO 

ycKopHTejia, cjioaEHocTb H3roTOBJieHHa h SKcnJiyaraijHH ycKopHTejia, bmcokhh ypoBeHb 
pacxo^OB Ha HBroTOBJieHHe h 3KCiuiyaTamno, a TaKHee HeaocTaTOHHaa thtobm 

3$$eiCTHBHOCTb (S^eKTHBHOCTb yCKOpeHHH nJia3Mbl) H HeBblCOKafl H2mC3KHOCTb patxyrbi 

npn ypoBHe noTpedJiaeMOH moiuhocth MeHee 150 Bt. 

A6ji5mHOHHbiii HMnyjibCHbifi iuia3MeHHbrift ycnopHTejib HBjiHeTca Han6ojiee 
nepcneKTHBHbiM flBHrarejieM oth MKA c tohkh 3peHHH npocxoxbi KOHCTpyiajHH, 
HweacHOCTH, aeineBH3Hbi h cnoco0HOCTH HopMajibHO 4>yHKimoHHpOBaxb npg noTpe6jiHeMofi 
MomHocTH ot cahhhii Bt flo cotch Bt. KpOMe Toro, HTIY o^ecneHHBaeT HaHBbicmyio 
TOHHoexb ynpaBJieHHH KJIA no cpaBHeHHio c hhmmh ranaMH aBHrarejibHbix ycTaHOBOK, 
Hcnojib3yeMbix b KanecTse HcnoJiHHTejibHbix opraHOB. OAHaico 3$$eKTHBH0CTb H3BecTHbix 
HTiy He y^oBJieTBOp^eT jQ[eHCTByiomHM Tpe6oBaHH&M jsjisl pemeHHfl f5ojibinHHCTBa 3a^an no 
ynpaBJieHHio MKA. 

CymeciBeHHoe noBbnneHne 3$$eKTHBHOCTH pa6oTW HTIY, npeacae Bcero b ;mana30He 
noTpe6jMeMofi MomHocra ot 20 ao 300 Bt, b kotopom ocyirecTBjraercji h 6y#eT 
ocymecTBJiaTbCH b 6jiH)KaHineM 6yaymeM penieHne ocHOBHbix 3a#an no kohtpojtio 
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op6HTajn>Hbix napaMerpOB MKA, npHHmnraantHO bsokho fljw pacnmpeHHfl ;mana30Ha 
^ymamoHHpoBaHHH MKA. 

OCHOBHBIMH TeXHHHeCKHMH npo6jieMaMH POTY B HaCTOfllljee BpeMS HBJIHeTCH 

Hpe3MepHoe 3ana3£biBaHHe no oTHoraeHHio k pa3pH^HOMy TOKy Hcnapemra pa6onero 

BemeCTBa H CBH3aHHOe C 3THM o6cTOHTeJIBCTBOM HeS^^eKTHBHOe yCKOpeHHe 3HaHHTeJIBHOft 
HaCTH reHepHpyeMOH IIJia3MM, HTO B UeJIOM OTpHIjaTeJIbHO BJTHHCT Ha 3<|><t>eKTHBHOCTb 
yCKOpHTeJM (3$4 )eKTHB HOCTb yCKOpeHHJI IUia3Mfcl). 

Ytkc b caMMx nepBEix paSoTax no HCCJieflOBaHmo npoijeccoB ycKopeHHH iuia3MM b 
Kttiy oxMenajiocb (Apuhmobhh, JLA. h pp. 3jieKrpoflHHaMHHecKoe ycKoperae crycTKOB 
njia3MW. 3K3T<I>, MocKsa, 1957, t.33, Jfa 1), hto 3<J>$eKTHBHOCTb ycKopeHH* mia3Mbi 
3aBHCHT ot 6e3pa3MepHoro napaMeTpa q: 
q = / 2 C 2 U*/2mLo, 

rae / |Th/m] - noroHHan HH#yKTHBHOCTb 3jieicrpO£OB ycicopHTejra; 
C [O] — eMKoexb BHenmeS pa3pfi£HOH uenn; 
U 0 [B] - HanajibHoe HanpjDKeHHe BHemHen pa3panHoft ixenn; 
m [kt] - Macca njia3MeHHoro crycTKa; 

L 0 [Fh] - HananbHafl romyKTHBHOCTb BHeinHett pa3pazmoH uenn. 

On3HHecKHH CMbicji napaMeTpa q samnoHaercH b onpeaejieHHH oTHOinemai 

xapaKTCpHOH BejIHHHHM CHJI MaTHHTHOrO #aBJieHHH K XapaKTepHOH BeJIHHHH€ CHJIbI HHepiXHH 

ycKopaeMoro crycTKa njia3Mbi. KaK 6buio ycTaHOBjieHO, yBenHHemie napaMeTpa q npHBOAHT 
k TOMy, hto pa3p>m npn6jiiDKaeTCH k anepHOAHHecKoii 4>opMe, npn stom 3$$eKTHBHOCTb 
ycKopeHEW njia3Mbi pacTeT. 

OflHOii H3 H3BecTHbix oco6eHHOCTeft HTiy HBJMeTCH to, hto Macca m ycKopaeMoft 
njia3MH o6biHHO nponopuHOHanbHa bjiokchhoh b pa3p*m sHeprnn W 0 : 
m » k W 0 , 

raeWo =CU 0 2 /2; 

k= 10" 8 ^ 10" 9 Kr/^MC - K03$^HnmHeHT nponopHHOHajibHocra; 

Ilpn noflCTaHOBKe 3aBHCHM0CTH jjjw W 0 b npeflbmymee cooraonieHHe 3aBHCHMOCTb 
Ajih napaMeipa q npHHHMaer bur: 
q = / 2 C 2 U 0 2 /2k (C U 0 2 /2) L 0 = (J 1 Ik) (C/L 0 ), 

TaKHM o6pa30M, npn 3a#aHHon KOHcJmrypaimH n pa3Mepax ycKOpirrejn>Horo KaHajia 
Hny 3$$eKTHBHOCTb ycKopemra njia3Mbi xapaKTepH3yeTCH cooTHonieHHeM C/L 0 . 



0«HaKO b Hacxoamee spem eme He paspaooxanH KOHicpexHwe xexHHHecKHe pernem**, 
H anpaB*eHH M e Ha noBBnnemie 3 (j) 4>eicxHBHO cth ycKopeHna miasM* c noMomuo HITY, 
KOTopHe 6buih 6bi cBHsanu c peajiHsaunea xeoperHHecKOH npeanocBuiKir. q ~ C/L 0 . 

TaK , HanpHMep, HSBecxen HTIY, npe^HaneHHBiH ana npHMeHeHns b Kanecxse 3Pfl 
CHcreMH ynpaaneHH, nonoaceHHeM reoc^auHOHapHoro cnyxnHKa rjio6ajn>Hoft cncxeMBi 
CBH3H (A.I. Rudikov, N.N. Atnropov, G.A. Popov. » Pulsed Plasma Titter of Erosion Type 
for a Geostationary Artificial Earth Satellite", 44 th Congress of the International Astronautical 
Federation, IAF-93-S.5.487, Graz, Austria: IAF, October 16 - 22, 1993). HMnyJi&cH xsth, 
BBmaCaxBiBaeMBre xaKoft fl BHra T enBHofi ycxaHOBKoa, ao^chbi KOMneHcnpoBaxB B03«e H cxBHe 
BHemHHX fcaieropoB na KJIA, HaxojunnHHc* na reocxanHOHapHoft oponxe. 

K OT m HMnyjiscHHH nnasMeHHHH ycKopHxeaB, BxoflanmH b cocxaB hsbccthoh 
.HBHraxenBHoft ycxanoBKH, coaepacHT aneKxpoAH (Kaxofl h bhoa), o«hh hs koto P bix 
BbinoJiHeH b BH«e *^oro cxep*HH, a ^pyrofi b BHfle imacxHHBi, x B ep«oe ^neierpHHecKoe 
paGonee BemecxBO^mipyiomee no fl aeficxBHeM aaeKrpHnecKoro pasp^a, cncxeMy noaann 
paoonero Bemec^a. b pa3 P ^m nana* penBCOBoro xnna h cHCxeMy HHHHHHpoBaHH, 
pasp^a. S^Krpod^aHHe 3^0^ ycKopHxeas ocymecxBnsexca nepes xokoho^ ox 
BHenmero HaKom^na aHepnm eMKOCTBK) 36 p.O np H MaKCHManbHOM nanpaaceHHH ~3 kB. 

Pa6oxa xaKOKO, ycKopHxe** ocymecxB^excK npn flaBneHHH rasa b ycKopnxenBHOM 
Kanaae He Gonee^M 10" 4 xopp. ^eprna, BBwenaeMaa b Ka^oM HMnyKBce, cocxaBnsex 
„ 160 npn aM^Hxyfle HMiry^ca xoxa 35 kA HeaocxaxKOM fl aHHOH flBHraxem,HOH 
ycxanoBKH HB^ercn hhskoh xaroBaa 3<p$eKrHBHOCXB, cocxaaiunomaa ne Sojiee 10%, <rro 
oeycnoBneno KOJie6axejn>HWM (ocxH^y^mHM) xapaiciepoM «eHHH xoica pasp^a b 

Teneime Kaaworo HMnyjn>ca. 

B «pyroM H3BecxHOM HMnyjiBCHOM nna3MeHH0M ycKopHxene (PJ.Turchi, "Directions 
for Improving PPT Performance", 25 th International Electric Propulsion Conferee, IEPC 97- 
038 USA, Cleveland, Ohaio: IEPC, August 24-28, 1997) reHepauH* HMnyjiBCHtix 
ocHH^Hpy^mnx paspaaoB b pasp^oM KaHane ocymecxa^acB npn sjieKxponirxaHHH 
3,eKrpoAOB ox ch^hoxohhoxo eMxocxHoro HaKonHxea* sHepnni. SneprHH HaKOHHxena 
cocxaBnaaa 20 Jfr npa HHHUHHpywmeM Hanpaacemm 2 kB, a cmkocxb HaKOimxena - 10 u«>. 

HWKTHBHOCXB BHemHefi 3JieKXpHHeCKOH HeilH B^HpanaCB paBHOH 400 HTH. OflHBKO, 

HecMoxpK na noHBriKH yBejiHHHXB fljiHxejibHOCxb paspw h co 3fl aHHe KBasHHenpepBnmoro 
xoKa pasp^a b xeneHHe Ka*Aoro HMirynBca, o6maa xaroBaa ^kthbhocxb ABHraxenBHOH 
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ycTaHOBKH He flocTHrjia 10%. ITojiyHeHHtift noKa3arejib TaroBofi 3<|)4)eKTHBHOCTH He 
no3BOJiaeT Hcnojn>30BaTb TaKofi iuia3MeHHbift ycKopHTejiB Ha KOMMepnecKHX KJIA. 

Cjie^yeT oTMexHTt, hto b paccMarpHBaeMOH pa6oTe ozjejiaH npaBHJibHbifi bbdboa o 
Heo6xo^(HMOCTH coraacosaHHH HMneaaHCOB BHyipeHHefi h BHenmeH ijenefi HTIY. QzpiaKO 
jsjisl pemeHHH aaHHoft 3aaaHH npej^naraiOTCJi BectMa cjioaoabie h Mano3$4 )eKTHB ™ le 
pemeHEui, cB«3aHHHe c BKJnoneHHeM b sjieicrpHHecKyio ijenb aonojiHHTejibHbix 3JieMeHT0B. 

TaKHe 3JieMeHTBI, HanpHMep, eMKOCTH, HHflyKTHBHOCTH H KJHOHH, H03BOJIHIOT corjiacoBaTB 

BHemmoK) h BHyTpeHmoio ijenn h nojiyHHTb KBa3nanepHOAHHecKHH pa3p*m b Hny, ho 
noTepH 3HeprHH Ha Taicnx 3JieMeHTax 3HaHHTejn>HO CHHEcaiOT noJioxorrejibHHH 3$$eKT. 

IIomhmo H3Jio»ceHHOH Bbime cym;ecTByeT HHan TOHKa 3peHHH Ha nyrH noBbnneHHH 
3$$eKTHBHOCTH Him, Tax, H3BecTeH HMnyjibCHbiH njia3MeHHbift ycKopHTejiB (OTHrarejib), 
coAepxcamHH ycKopHTejibHbitt KaHaji, o6pa30BaHHwfl ffsyMz aneiopo^aMH, pa3AeJiKiomHH hx 
H30JiHTop, cjiyMcanmfl pa6oHHM BemecTBOM, CHCTeMy mnmHHpoBaHHH pa3pwa h HaKonHTejib 
3HeprHH Ha 6a3e chjibhotohhbix KOHfleHcaropOB, no^KJnOHeHHbiH k sjieiopoflaM nepe3 
TOKonoflBOfl. B KaHecrae pa6onero BemecrBa b aaHHOM ABHrarejie Hcnojib3yeTCfl TetJwioH 
(Gregory G. Spanjers et al. "Investigation of Propellant Inefficiencies in a Pulsed Plasma 
Thruster", AIAA-96-2723, 32 nd JPC, Lake Buena Vista, FL, USA: AIAA/ASME/SAE/ASEE, 
July 1-3, 1996). IlpH paGoTe flBHrarejia HccJieflOBaJiocb bjihhhhc 3HeprHH 3JieicipHHecKoro 
pa3p*ma Ha 3<j)<j)eKTHBHocTb Hcnojib30BaHHH pa6onero BemecrBa. O/maico, HecMOxpa Ha to, 
hto 6buio j^ocTHTHyTO ysejnraeHHe HMnyjibca thth h bcjihhhhbi Tare, oSman THroBaa 
3(J)$eKTHBHOCTb njia3MeHHoro ycKOpHTejiH npH 3HeprHH pa3pnfla ~ 40}J?k cocTaBJuuia ot 7% 

AO 8 %. ^OCTaTOHHO HH3KHH ypOBCHb THTOBOH 3<|)<J)eKTHBHOCTH 6bUI o6yCJIOBJieH 

KoneGaTejibHbiM xapaicrepoM H3MeHeHHa pa3pjmHoro TOKa b TeneHHe Kaayjoro HMnyjibca. 

B paccMaTpHBaeMofl pa6oTe caejian bhboa, hto w% noBbnneHiw 3<}><|>eKTHBHocTH PflTy 
Heo6xoflHMO yMeabuiiiTb npo^ojixcHTejibHocTb nepsoro nojiynepHoaa pa3pwHoro TOKa 
pa3p5ma h ysejiHHHTb ero aMnmnyay. Reamim bkeboa 6bui cflejiaH Ha ocHOBe aocTOBepHbix 
3KcnepHMeHxaJiBHbix pe3yjibTaroB, oflHaico oh He yHHTbmaeT HenHHeHHOcra npoijeccoB bo 
BHyipeHHeH 3JieKTpHHecKofl uenH ffllY, bhochmoh iuia3MOH. 

C ueJibio noBbimeHHK thtobbix xapaKTepHCTHK HMnyjn>CHbix njia3MeHHbix 
ycKopHTejiefi (aBHrarejieii) 6bijih pa3pa6oTaHbi KOHCTpyKitfiH ycKopHTejiefi, paccHBrraHHbie 
Ha blicokhh ypoBeHb SHepran 3JieKTpHHecKoro pa3pHfla (WJ. Guman and DJ. Palumbo 
"Pulsed Plasma Propulsion System for North -South Stationkeeping", AIAA-76-999, AIAA 
International Propulsion Conference, Key Biscayne, Florida, USA: AIAA, November 14-17, 
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1976). H3BecTHMft HMnyjiBCHBifl ycKopHTejn* (flBHrarejib) BKmonaeT b cboh cocTaB #sa 
ajieiopo^a, o6pa3yiomHe ycKOpHTCJitHMH KaHan, flH3JieiapHHecKHe inaniKH, BbmojraeHHBie 
H3 TecJmoHa, KOTopbie ycTaHOBJieHBi ueTKjjy 3JieierpotfaMH, TopijeBOH KepaMHHecKHH 

H30JIHTOp H eMKOCTHOH H3JCOIIHTCJIb 3HeprHH. EMKOCTb HaKOnHTCJM 3HeprHH 6buia 

paccHHTaHa zpia reHepamra ajieiopHHecKoro pa3p)ma b ycKopHTejn>HOM KaHajie c aHepraefl 
~ 750 Aac. 

Pa3p5m, reHepHpyeMHfi b pa3pan,HOM Kanajie AaHHoro iuia3MeHHoro ycKopHTenn, HMeer 
ocmuuinpyiomnH xapaicrep. MaKCHMajibHaa o6maa TaroBaa 3(|><|>eKTHBHOCTb ^HraTejw npn 
HanpJDKeHHH pa3p*ma 2,5 kB cocTaBHJia 25,6 %. OAHaico npH yica3aHHOM ypoBHe sHepnm 
pa3pn^a flocxHTHyTM THroBaa 3<j>4)eKTHBHOCTb iuia3MeHHoro ^BHraTejw He MO^ceT 6brn> 
npH3HaHa flocrraTOHHoft, nocKoicbKy s^eicraBHOCTb KOHKypHpyionmx mia3MeHHbix 
(MarHHTOiuia3MeHHBix) ABHraTejiefi, HanpHMep Cim (craijHOHapHbix mia3MeHHbix 
^BHraTejieii), npn TaKOM ypoBHe 3Hepnra cocTaBJineT ao 45%. 

IfaBecTeH HMiiyjifcCHMii nna3MeHHwft ycKopHTejib (zjBHraTejib), coaepacamHH flBa 
ruiocKHX MeflHwx sjieicipofla, MQTKjsy kotop&imh ycTaHOBJieHw jxbq i npH3JicKTpHHecKHe inatmcH, 
BwnojmeHHbie H3 a6jrapyiomero MaTepHana, ycTpoftcTBo HHHimapoBaHHH pa3pn«a h 
HaKonirrejib 3HepraH (N. Antropov et al. "Parameters of Plasmoids Injected by PPT", AIAA 
97-2921, 33 rd AIAA/ASME/SAE/ASEE Joint Propulsion Conference, Seattle, WA, USA: 
AIAA/ASME/SAE/ASEE, July 6-9, 1997). YcKopOTeJibHbiH KaHaji nna3MeHHoro ycicopHTejiH 
o6pa30BaH noBepXHOCTHMH sjieiopoflOB h Gokobbimh noBepxHOCTflMH OT3JieicrpHHecKHX 
mameK. HaKomrrejib 3Hepnra BmnonaeT b cboh cocTaB naTb cHJibHOTOHHbix KOHAeHcaropoB 
c o6mefi 3anacaeMofi sHepraeii 80-100 A^c. Pa6onee HanpflMeeirae 6arapeH KOHfleHcaropoB 
cocTaBjiHeT 2,5 - 2,8 kB. HHAyKTHBHOCTb BHenraen 3jieKTpHHecK0H uenn, no#KJHOHeHHOH k 
sjieKipoaaM ycKOpHTejw, cocTaBjuma 20 hFh. 3$$eKTHBH0CTb njia3MeHHoro ycKopHTejra He 
npeBbimajia 13% npn snepraii sjieicrpKHecKoro pa3pa^a 100 ZH^k. 

Han6ojiee 6jih3khmh aHanoroM naTeHTyeMoro H3o6peTeHHJi HBiraeTca 3po3HOHHbift 
(aSji^mHOHHbifi) njia3MeHHbifi ABHraTejib (ycKopHTejib), onncaHHbiH b naTeHTe 
RU 2143586 CI (MIHC-6 F03H 1/00, H05H 1/54, ony6jiHKOBaH 27.12.1999). HsBecTHUH 
aHanor coaepECHT sjieicrpOAbi (icaTOfl h aHoa), coeflHHeHHbie nepe3 oMHHecicyio h 
HHflyKTHBHyio Harpy3Ky c oCKJia^KaMH KOH^eHcaTopa (HaKonHxena 3HeprHH), pa3flejiHK>iiiHH 

3JieKTpO^I TOpUeBOH KepaMHHeCKHH H30JIKTOp h AHSJieicrpHHecKHe mamKH, BbmOJIHeHHbie 

H3 aSjinpyiomero MarepHana, KOTopbie ycraHOBJieHbi Mencny 3JieicrpoflaMH. HaKonHTejib 
3HeprHH noflKjnoneH k sjieicrpoflaM nepe3 TOHKHe Me^HHe ihhhm (TOKono#Boabi). Ctchkh 
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pa3pfl,zmoro KaHana o6pa30BaHbi noBepxHOcraMH sneierpoAOB H flHSJieKTpHHecioix inaineK. 

3jieKTpOflfcI B H3B6CTHOM IIJia3MCHHOM yCKOpHTene BMnOJIHeHBI b $°P Me nnacTHH. 
YCTpOHCTBO HHHIXHHpOBaHHH pa3pfl#a (HTHaHTep) nOMemeHO B JTJiy6jieHHH 5 B&mOJIHeHHOM B 
TOpiXeBOM H30JMTOpe. 

^H3JieKTpHHecKHe mamKH b h3BCcthom iuia3MeHHOM ycKopirrejie bbhiojihchbi c 
bo3mo5khoctbk> nepeMemeHHH b HanpasjieHHH k cpe^KHHOH jihhhh pa3p^zmoro KaHana c 
noMomtio cneitnajiBHoro cpeflcraa nepeMemeHHH (npyaeHHHoro TOjncaTejiH). IlepeMemeHHe 
j^HajieKTpHHecKHX inaineK ocymecTBJiHeTCH no ynopa b c^HKcaTop, BBmojraeHHBiH b burc 
ycTyna Ha noBepxHoeni 3jieicrpoAa. 

YcKopeHHe iuia3MM b pa3pazmoM KaHajie njia3MeHHoro ycKopHTejw ocymecTBJineTCH 
cne^yioimiM o6pa30M. Ha 3JieicipoflBi ycxpoftcTBa HHHimHpoBaHHH pa3pa^a noaaeTCfl 
kopoTKHH bbicokobojibthbih HMnyjisc ot 6jiOKa HHHUHHpOBaHHH pa3p*ma. B pesyjEbTare 
noBepxHOCTHorp npo6o« o6pa3yeTca njia3MeHHBifi crycroK, 3aKOpaHHBaiomHH 3Jieicrpcmfci 
ycKopHTejia b yrjiyftnemni TopueBoro raojiHTopa, b kotopom ^opivmpyeTCH aneiopHHecKHH 
p&spxn ziyroBoro rana. ITpn stom sneiapoflRi b npoijecce npp6oH Haxo.mrrc* non <oKAyn*HM» 
ncyreHmiajiOM. Pa&BHee: BemecTBO, HcnapaeMoe c noBepxHoeni ^H3JieKTpHHecKHx inaineK 
jiyHHCTOH 3HepnHefi pa3p*ma, HOHH3HpyeTCH h ycKOpaeTCfl non aeftcTBHeM 

3JieKTpOMaTHHTHBIXi6HJl H ra*OflHHaMHHeCKOrO flaBJieHHH. 

Ilpn pa6oi$imnjia3MeHHoro ycKopHTejin - aHajiora ^opMHpyeTCH ycTOHHHBBifi 
iuia3MeHHBiH urayp&Ha HananbHOM ynacnce ycKopirrejiBHoro KaHana, hto npenaTCTByeT 
oca^caeHHio yrjiepotHHoii iuichkh b stoh Hacra KaHana h cooTBeTCTBeHHO HepaBHOMepHOcra 
BBipaGoTKH paGonefi nosepxHocTH ^H3neKTpH i iecKHx uiameK. #aHHoe HBJieHHe cnoco6cTByeT 
noBBinieHHK) CTa6HJn>HOCTH TnroBBix xapaicrepHCTHK ycKopHTejia 3a chct paBHOMepHoro 
HcnapeHHH pa6onero Bemecraa. 

3jieKTpHHecKHH pa3pw B ycKopHTejiBHOM KaHane iuia3MeHHoro ycKopHTejin HMeeT 
KOJie6aTeJiBm>ifl xapaicrep, KOJiHHecrBo ncwiynepHOflOB H3MeHeHHH TOKa HMnyntcHoro 
pa3pK^a paBHO TpeM. B cbh3h c 3thm MaKCHMajiBHan TaroBaa s^^eKTHBHOCTB nna3MeHHoro 
ycKopHTejin He npeBBnnaeT 14%. 

Qzmoft H3 cepBe3HBix npo6jieM H3BecTHoro aSjrauHOHHoro Hny, npHMO bjikhkhuhx Ha 
ero 34>$eKTHBHOCTB, otjihiotch noTepH pa6oHero BemecTBa, HMeionme MecTO b 
ycKopHTejiBHOM KaHante b npoijecce ycKOpeHHH. 

IIpHHHHa noTepB paSonero BemecTBa 3aKjnonaeTCH b npoctpaHCTBeHHo-BpeMeHHOM 
HecooTBeTCTBHH AByx npoijeccoB, npoHcxozmmnx b ycKopHTejiBHOM Kaaajie HITY: 
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othochtcjibho SBiciporo npoijecca (t np ~ 1,5 - 3 MKC) <j)OpMHpOBaHHH H 
ycKopeHHH 66jiacTH pa3pfl#Horo TOKa (tokoboh nepeMBiHKH); 
othochtcjibho Me^jieHHoro npoijecca pa3orpeBa pa6onnx noBepxHocTeft 
mameK pa6onero BemecTBa, HOHH3auHH pa6onero BemecTBa, (JjopMHpoBamra 
noTOKa njia3Mti h ero ycKopeHHH (t np ~ 7 - 12 mkc), 
06maa npo#ojDKin:ejiBHOCTB KOJieSareJiBHoro sjieicipHHecKoro pa3pa#a b h3bccthom 
HTiy - aHajiore cocTaBJiaeT b 33bhchmocth ot pa3MepoB ycKopHTejiBHoro KaHaiia h 
oco6eHHOCTett pa3pazmofl uenvi 8-15 mkc. OflHaKo 3$ (J) cktkbhmh 3neKTpoMarHHTHHH 
npouecc ycKopeHHH iuia3MBi, KaK ycraHOBJieHo, HMeer MecTO tojibko b TeneHHe nepBoro 
pa3p*ma HaKoriHTejiH (nepBoro noJiynepHoaa pa3pjmHoro TOKa), npoflOJDKHTejiBHOCTB 

KOTOpOrO COCTaBJIHCT OT 1,5 flO 3,0 MKC B 3aBHCHM0CTH OT 3HCpTHH H raSapHTOB yCKOpHTCJIH, 

B xo.se pa3BHBaiomeroca flanee pa3pfl#Horo npouecca nponcxoflHT tojibko a6jumHfl 
(HcnapeHHe) pa6oH€nro»BemecTBa h TeiuioBoe (raoflHHaMHHecKoe) ycKopeHHe iuia3MBi. 

CyuiHOcntb u3o6pemenun 
H3o6peTeHHe*HanpaBjieHO Ha yBejinneHHe aojih paSonero BemecTBa, 34>4>ckthbho 
ycKopneMoro 3JieKTpoMarHHTHOH chjioh b ycKopirrejiBHOM KaHane HMnyjiBCHoro 
iuia3MeHHoro ycnspHTejui, 3a cner cHHxpoHH3amni npoijeccoB hhtchchbhoS atJjumHH 
OT3JieKTpHHecKHX mameK h reHepaipm ofrBeMHOft sjieiopoMarHHTHoft chjibi, c noMomBio 
KOTopoft ocymecTBJweTCH ycKopeHHe HOHH30BaHHoro pa<5onero BemecTBa. IlpH 3tom 3aaana 
CHHxpoHH3ac(HH yKa3aHHBix npoueccoB o6ecnenHBaeTC5i 3a cneT MaKCHMajiBHO B03M03KHoro 
c6jmMceHHH HMne^aHcoB BHenmeft h BHyrpeHHeii sjieKipiraecKOH uenn njia3MeHHoro 
ycKopHTejia. 

TexHHHecKHMH pe3yjn>TaTaMH, aocraraeMBiMH npn Hcnojn>30BaHHH H3o6peTeHHH, 
hbjmiotch: noBBnneHHe 3<J><i>eKTHBH0CTH HcnojiB30BaHHH paGonero semecTBa, chhecchhc 
noTepB 3JieKTp03HeprHH bo BHenraeH 3JieicrpHHecKOH ijenH rorraHH* h noBBnneHHe 

34>$eKTHBHOCTH yCKOpeHHH IUia3MBI B pa3pflflHOM KaHOUe Hliy (TflTOBOft 3<j)(f>eKTHBHOCTH 

HETy, npHMeEweMoro b KanecTBe AaHHBie TexHHHecKHe pe3yjiBTaTBi B3aHMOCBa3aHH h 
b wjiom onpe^ejiaioT 3<j)<|>eKTHBH0CTB Hliy h npoijecca ycKopemifl nna3MM. 

YKa3aHHBie BBnne TexmreecKHe pe3yjn>TaTBi aocTHraioTCH npH HcnojiB30BaHHH 
HMnyjiBCHoro njia3MeHHoro ycKopHTejw, coAepacamero ABa sjieiopofla, ycTaHOBJieHHBie 
MOKjoy sjieicrpoAaMH AH3JieKTpHHecKHe inainKH, BBinoJiHeHHBie H3 aSjinpyiomero MaTepnajia, 
pa3paaHBiH KaHan c OTKpBrroft TopiieBOfi nacTBio, ctchkh KOToporo o6pa30BaHBi 



9 

noBepxHOCTHMH aneiapoflOB h AH3JieKTpHHecKHX mameK, HaKororrenB 3HepniH, 
tokoiioaboabi, coeAHHmomHe 3JieiapoABi c HaKOinrrejieM 3HepraH, KOToptie cobmcctho c 
3JieKrpoflaMH h HaKomrrejieM o6pa3yioT BHennnoio ajieKTpHHecKyio ueiiB, H30JiaTOp, 
ycTaHOBneHHHft Me>KAy sjieicrpoAaMH y TopueBoft Hacra pa3pHAHoro KaHana, 

np0THBOnOJIO5KHOH OTKpHTOH TOpueBOfi HaCTH, H yCTpOHCTBO HHHIJHHpOBaHHH pa3pH#a. 

CymecTBeHHHM oTJuraieM iuia3MeHHoro ycKopHTejra, coraacHO HacToameMy 

H306peTeHHK), HBJMeTCfl TO, HTO XapaKTepHCTHKH BHeiimeH: 3JieKTpHH€CKOH UeilH yCKOpHTCJM 
BBl6paHBI H3 yCJIOBHHt 

2^C/L, 

rae, C — sneicrpHKecKafl cmkoctb BHenmefi sneieipHHecKOH uenn b mkO, 

L - HH j jjyKTHBHOCTB BHenraeH 3JieiapHHecKoft ijenH b hIX BeJiHHHHa KOTopofi BBi6paHa H3 

ycnoBHH: L < 100 h Th. 

npHBeaeHHBie ycjiOBHH BBi6opa xapaicrepHCTHK BHenraett 3JieicrpHHecKOH ijenH (C h L) 
ueiffl ^aKTHHecKH osHanaioT, hto sjieicTpEraecKaa cmkoctb pa3pflAHofi uenn MIY, 
cocpeAOTOHeHHan b HaKOiurrejie, yBejiHHHBaeTCH c o6bihhoix> juix HTIY ypoBna -10-30 
mkO ao ypoBHH - 40 - 500 mkO b 3aBHCHMOCTH ot ypoBHH pa3p3WHofi 3Hepran H 
HH^yKTHBHOCTH L BHemHeft 3JieicrpHHecKOH uenn HTIY. 

Bbi6op AHana30HOB 3HaneHHH LhC npoAHKTOBaH cne^yiomHMH coo6paaceHHJiMH. 

C yBCJIHHCHHCM eMKOCTH IjenH, COCpeflOTOHeHHOH B HaKOHHTeJie, IIpOAOJHKHTeJIBHOCTB 

nepBoro nojiynepnoAa sneicrpHHecKoro pa3pjma pacTer ot — 1,5 - 3 mkc ao ~ 7 - 10 mkc, a 
caM pa3pw H3 3aTyxaiomero ctmycoHAaJiBHoro c thhhhhbim hhcjiom nojiynepnoAOB ot 4 ao 
6 TpaHC<|>opMHpyeTCH b KBa3HanepHOAHHecKHH, hto cymecTBeHHO bjihhct Ha ^h3hhcckhh 
MexaHH3M pa6onero npoijecca b ycKopHTCJiBHOM KaHane HTiy . 

ripH BBl6paHHBDC yCJIOBHHX 1/HIY C OTHOCHTCJIBHO MaJIOH pa3pflAHOH 3HeprHeft ~ 

20 - 60 JJac M03K6T 6bitb nojiyneH HMnyjiBC pa3pflAHoro TOKa c AByMH nojiynepnoAaMH 
KOJie6airafi, npHHeM 3HeprHH BToporo pa3p*Aa HaKonHTera He npeBBnnaeT 20% ot 3HeprnH 
nepBoro pa3paAa. 

CoraacHO cobpcmchhbim npeACTasjieHHHM tojibko 20% - 40% HcnapHBnieroca co 

CTeHOK AH3JieKTpHKa BemeCTBa IIOKHAaiOT yCKOpHTCJIBHBIH KaHaji WHY CO CKOpOCTHMH 

nopwca 20 - 30 km/c. 3to Ta nacTB BemeCTBa, KOTopaa ycKopaeTCH o&BeMHofi 

sjieiopoMarHHTHoft chjioS (7* B ), B03HHKaK>meft b p©3yjiBTaTC B3aHMOAeftcTBHH pa3p«AHoro 
TOKa c co6 CTBeHHBiM methhthbim nojieM. OcTajiBHBic 60% - 80% paGonero BemeCTBa 
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noKHflaiar ycKOpHTejiBHBifl KaHan HTIY c cy&remiOB&iMH h tciijiobbimh ckopocmmh ~ 0,5 - 
5,0 km/c. 3to CBH33H0 c tcm, hto HcnapHBmeecji pa6onee BemecxBO He ycneBaer 
rrpoB3aHMo < aeHCTBOBaTi> c pa3pH£HBiM tokom b TeneHHe AmrrejiBHOCTH HMnyjiBca TOKa. 
IIo3TOMy 3HaneHHH cpe^HeMaccoBofl CKopocin iuia3MBi Ha BBixo^e H3 ycKopirrejiBHoro 
KaHajia HTiy npa npneMJieMBix 3HaneHHHX e^HHHHHoro HMnyjiBca rarn o6bihho He 
npeBWHiaioT - 8 - 12 km/c. 3to HBJieHHe xapaicrepHO juix aBHraTejra c M Sbictpbim 
nojiynepnoAOM TOKa (x £ 3 mkc). YBejiHHeHHe ^jihtcjibhocth nojiynepno^a TOKa npHBO^HT k 
yBejiHHeHHio MaccBx pa6onero BemecTBa, KOTopaa a^^ekTHBHO ycKopaeTca 

3JieKTpOMarHHTHOH CHJIOH, H K COOTBCTCTByiOmeMy pOCTy THTOBOH 3$$eKTHBHOCTH 

iuia3MeHHoro ycKopHTejia. 

Cpe^HeMaccoBaa ckopoctb noTOKa patSonero BemecTBa, noKH^aiomero 
ycKopHTejibHHH KaHaji, npH j^nrrejiBHOCTH nepBoro nanynepHOfla x « 7-10 mkc cocTasjraeT 

15-22 KM/C, HTO flOBOJIBHO 6JIH3KO K CKOpOCTH flBHECeHHH B£OJIB 3JieKTp0fl0B HOY TOKOBOH 

nepeMBTOKH (pa3pfl£Horo TOKa). TaKaa ckopoctb b Hliy paccMaTpHBaeMoro rana coraacHO 
oi^eHKaM cocTaBJiHer.25 - 30 km/c h hbjihctck npeaejiBHofi ckopoctbk) HCTeqeHHH ruia3MBi. 
OneBHOTO, hto Btinpoixecce 3JieicrpoMarHHTHoro ycKopeHHH ynacTByex He 20% - 40% 
pa6oHero.BenjecTHa;*KaK 3to o6bihho nponcxoflHT b cjiynae "SBicTporo" pa3pafla, a okojio 
70% pa6onero BemecTBa, o6pa3yK>merocH b ycKopirreJiBHOM KaHane. #aHHoe HBJieHHe 
Hanuio noffTBepEsgeBHe b npouecce npoBe,n;eHHBix 3KcnepHMeHTanBHBix HccjieflOBaHuft 
jia6opaTopHBix Moaejieii HITy. 

HeMajioBaHCHBiM o6cTO>rrejiBCTBOM c tohkh 3peHHH noBBiinemiH s^^eKTHBHOcra HTiy 
HBJineTCH 3HaHHTejiBHoe (Ha 30% - 40%) cHHEeeime pacxo^a pa6onero Bemecraa. TaKoe 
CHHHceHHe pacxo^a HMeeT mccto npn yBejinneHKH < jpihtcjibhocth pa3paaa. flaHHoe HBJieHHe 
uotkct 6bttb o6BHCHeHO yMeHBmeHHeM aMnJiHTy^Horo 3HaneHHH pa3paimoro TOKa h, 
cneflOBaTejiBHO, yMeHBineHHeM hhtchchbhocth H3JiyneHHH 3HepraH H3 30hbi TOKOBoft 
nepeMBiHKH. H3JiyneHHe tokoboh nepeMBraaa hbjihctch ochobhbim <j>aKTopoM HarpeBa h 
HcnapeHHH AH3JieKTpHHecKoro pa6o.nero BemecTBa. 

CHH»ceHHe pacxo.ua pa6onero BemecTBa mohcct 6bitb oSbhchcho Tao&ce h H3MeHeHHeM 

flHHaMHKH pa3pH^HOTO TOKa B HTiy. TaKOe H3MeHCHHe CBH3aHO c TeM, hto o6jiacTB 

crymeHHH tokobbdc KananoB (TOKOBan nepeMBiHKa) TaK ace, KaK b h3bccthbix aHajiorax Hliy 
bbixoaht k cpe3y 3JieKTpo£OS. QzmaKo b oTJiHHHe ot H3BecTHBix aHarcoroB pa3pa# He racHer 
b flaHHOH 30He b npoijecce nepesapajoocH HaKonHTejra (c nocjie^yiomHM B03BpaTOM k Hanany 
pa3p^mHoro KaHaria), a HaxoAHTca b ^mccnpoBaHHOM nojioxeeHHH b TeneHHe 5-6 mkc. 
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TaKHM 06pa30M, 30Ha KOHaeHTpaiJHH TOKa OTHOCHTCJIBHO ZUlHTeJIBHOe BpeMfl HaXOOTTCH 

cpaBHirrejibHO flaneKo ot inanieK paSonero semecTBa, ^ro iiphboaht k hx cymecxBeHHo 
MeHtmeMy HcnapeHHio. 

KpoMe Toro, 3aMeTHyio pout b noBBnneHHH thtoboh 3<Jx|)eKTHBHOCTH HTIY MoaceT 
cbirpaTB yMeHBmeHHe noTept 3HeprnH b ero BHenraeft 3JieicrpiraecKOH ueiiH. IIpeEe&e Bcero, 
CHH^ceHHe noTepi> npoHCxo,0HT b cmkocthom HaKororrejie sHepraH 3a cneT jiy*nnero 
corjiacoBaHHH napaMerpoB BHeumeii (HaKonirrejiB 3HepraH, TOKonoABO^bi k sjieKipoaaM) h 
BHyTpeHHeii (TOKOBaa nepeMtraca - 3JieKTpo,m>i) sJieiopHHecKHX rjeneft HTiy. 

CorjiacHO paHee nojiyneHHBiM SKcnepHMeHTajitHBiM aaHHbiM thiihhhbih ypoBeHb 

HHflyKTHBHOCTH BHeiOHefi UeilH HUV H3BeCTHWX THIIOB KOHCTpyKB^HH COCTaBJIHCT 100 hTh H 

6ojiee, a BejnrmHa cmkocth - 10 - 30 mkO. TaKHM o6pa30M, HMiie^aHc BHenraeft n;enH, 
onpeaejiaeMBifi H3 BbipaaeeHHfl Z BH eiu ~ 2(L/C) I/2 , 0Ka3biBaercH paBHbiM ~ 200 mOm 
(bcjihhhhoh aKTHBHoro conpoTHBJieHHH uenn mojkho npeHe6peHB BBHfly ee MajiocTH no 

CpaBHCHHK) C peaKTHBHBIM COnpOTHBJieHHCM) . 

HMne^aHC BHyrpeHHefi ijenn, ssbhohuhh ot noroHHOH HHflyKTHBHOCTH / pa3pjiAHoro 
KaHana h CKopocra V OTHEcemifl tokoboh nepeMbiHKH, onpeaejuieTCfl cornacHo 
3aBHCHMOCTH: Z BH yrp - /-V/2. BejiHHHHa HMneaaHca BHyTpeHHeii uexm b cpe^HeM npHMepHO 
Ha nopjwoK HH»ce HMne^aHca BHenraeft u&m& h cocTaBjraer ~ 20 mOm. 

Pe3yjiBTaTOM HefloCTaroHHoro corjiacoBaHHH HMne^aHCOB BHenmeft h BHyrpeHHeft 
ajieicipHHecKHX ueneft hbjihctch OTccHnamra 3HaHHTejiBHoft nacTH pa3pnOTOH sHepran bo 
BHenmeft sjieiopHHecKoft uenn, - npe^cfle Bcero b HaKonHTene SHeprHH, o6jia#aK>iueM 

OTHOCHTejIBHO 60JISIUHM aKTHBHBIM COIIpOTHBJlCHHCM, - BCJieflCTBHe pa3BHTHH B Heft 

KOJie6aTejn»Horo npoijecca. KpHBaa TOKa b 3tom cjiynae HMeeT $°pMy 3aTyxaiomeft 
CHHycoHjuBi, OflHaKO, KaK 6wjio 3KcnepHM€HTajiBHO ycTaHOBJieHO, tokobm nepeMBiHKa 
34>$eKTHBHO ycKOpHCT njia3My tojibko b TeneHHe nepBoro nojiynepnofla pa3p5mHoro TOKa, 

Koraa b pa3p>m nocTynaeT 3HaHHTejiBHaa sHepraa h 3JieKTpoMarHHTHaH CHJia (jxB) HMeeT 

flOCTaTOHHyiO BejIHHHHy. 

B naTeHiyeMOM HUY 3a cneT onTHMH3auHH BHeiimeft uenn nocpeacTBOM Bti6opa 
napaMeTpoB C h L coraacHO yica3aHHOMy Bbnne ycnoBmo HMneaaHC BHeinHeft ijenH 
cocTaBJiHer Z BHem « 40 mOm. ^aHHBift ypoBeHB HMneaaHca cymecTBeHHO 6jiH5Ke k HMneaaHcy 
BHyrpeHHeft ijenn, neM b h3bccthbix aHariorax. TaKHM ot5pa30M, npn HcnojiB30BaHHH 
H3o6peTeHHH napaMeTpbi BHeinHeft h BHyrpeHHeft sjieicipHHecKHx uenefi Haufkwiee 
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coraacoBaHH 6e3 ycjioaaieHHH chctcmbi MeKTpomrcaHHfl h 6e3 aonojiHHTejiBHBix noTept 

3JieKTp03HeprHH. 

34)4>eKTHBH0CTB npoijecca ycicopeHHH njia3MBi b HTiy, BunojraeHHOM corjiacHo 

HaCTO^meMy H306peTeHHK>, Ha OCHOBaHHH 3KCnepHMeHTajIbHBDC AaHHBIX COCTaBJIflJia ot 12% 

AO 35%. ITpH 3tom ypoBeHB noTpe6naeMOH SHepran vl3mohsuicsl b /mana30He ot 20 no 
ISOflac. 

yKa3aHHHft ypoBent s^^eKTHBHocTH HIIY b cpejmeM npHMepHO BABoe npeBBnnaeT 
THroByio 3$4)eKTHBHocn> H3BecTHMx HITy - aHanoroB paccMaTpHBaeMoro ,zmana30Ha 
noxpe6jiHeMOH 3HeprHH. KpoMe Toro, annpoKCHMaimoHHBie 3<ibhchmocth noKa3BiBaioT, hto 
#o 3HaneHHH 3HeprHH 500 JJ?k THroBaa s^ckthbhoctb naTeinyeMoro HITy Taioice 
npeBbnnaeT Tarosyio 3(J>4>ckthbhocti> Hliy - npoTonraa npHMepHO b 2 pa3a. 

flanee npn yBejiHHeHHH noTpeSjraeMOH 3Hepnni npeBLnneHHe 34>4>eKTHBHOCTH 
HanHHaeT yMeHBinaTtc* h rjix ypoBra 3HepraH 0,9 - 1,0 k£>k 3HaHeHna 3$^eKTHBHocTH 
naTeHiyeMoro HETy h Hliy - npoTorana ctqrobxtcsl npHMepHO OflHHaKOBBiMH. 3 T o 

06MCHHeTCH HeH3fiK»CHBIM c6jIH3KeHHeM KpHTHHeCKHX napaMeTpoB (L H C) HX 

3JieiapHHecKHX agneft, a Taioice yBejraneHHeM pa3pjmHoro HanpaaceHHH npn pocTe 

nOTpe6jMeMOH 3HdpEBH. 

HcxojiH H3 B(ginieyKa3aHHBix coo6pa»ceHHft, ijejiecoo6pa3Ho., hto6bi Ha xapaKTepHCTHKH 
BHenraeii sjieierpHHeeKoft aenn ycKopHTena (C h L) HaKJia#BiBajiocB aonojimrrejiBHoe 
orpaHHHeHHe: 2 < C/L < 5. flaHHoe ycnoBHe xapaKTepH3yex AonojimrrejiBHoe orpamraeHHe 
Ha ypoBeHB 3HeprnH, 3anacaeMoft b HaKonHTejie 3Hepnra. IIpH BBmojmeHHH aaHHoro 
ycjiOBHa Ha6jnoAaeTca naH6ojiee cymecrBeHHoe npeBMmeHHe 3<|)<i)eKTHBHOcTH npouecca 
ycKopeHHfl iuia3Mi>i b HTIY no cpaBHeHmo c HETy - npOToranoM. 

HHflyKTHBHOCTB BHenraefi 3JieicipHHecK0H uenn naTeHTyeMoro HITy BBi6HpaeTca b 
OTana30He L= 20 - 100 hPh. IIpHBefleHHoe floriojmirrejiBHoe ycnoBHe TaioKe HanpaBJieHo Ha 
noflaepacaHHe cymecTseHHoro npeBBiineHHa 3<i><f>eKTHBH0CTH npouecca ycKopeHHfl nJia3MBi 
npH HcnonB30BaHHH naTeHTyeMoro HTiy no cpaBHeHmo c HITy - npOToranoM. 

B pe3yjiBTaTe npoBe^eHHBix 3KcnepHMeHTam>HBix HccjieaoBaHHil 6bdio yeraHOBjieHO, 
hto yBejiHneHHe hh^j^kthbhocth BHenraeH 3JieKTpHHecKoi! ijenn 6ojiee 100 hTh npHBO^HT k 
nocTeneHHOMy cSira^ceHHio napaMeTpoB naTeHTyeMoro HITY h HTiy - npoTorana. npn stom 
cjieflyer npHHHMaTB bo BHHMaHHe, hto MHHHMajiBHOMy ypoBHio noipe6jiKeMOH 3HepraH 

AOJDKHa COOTBeTCTBOBaTB MHHHMaJIBHaH HHflyKTHBHOCTB UeHH. BeJIHHHHa HHtfyKTHBHOCTH L 
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HHEce 20 hTh b peajiBHOft 3JieKTpnHecKoii menn Hny npn npneMJieM&ix juw aaHHoro rana 
ycTpoftcTB ycnoBHHX npaiemHecKH Hepeajra3yeMa. 

C qejiBio ynpomeHHH KOHCTpyicmiH HTIY ajieicrpoABi Moiyr 6htb BfcmojmeHM b (J>opMe 

IDiaCTHH. 

fljiHHa 3Jieicrpo^oB npe^noHTHTejibHO npeBtimaeT npoTaaceHHOCTB flHaneicrpHHecKHx 
mameK b HanpaBjieHHH ycKopemra ruia3MH c aejiBio aonojiHHTejiBHoro yBejiHHeHHfl 

3<J)<])eKTHBHOCTH HpOIXeCCa yCKOpeHHH IUia3MBI. 

.HHSJieKTpHHecKHe mamicH Moiyr Sbitb BunojmeHBi c bo3mohchoctbk> nepeMemeHHH b 
HanpaBjieHHH k cpe^HHHOH jihhhh pa3pjiaHoro KaHajia, npn stom ycKopHTejn, cHa6acaeTCfl 
(J)HKcaTopoM nojioaceHBui OT3JieKTpHHecKHx mameK h cpe^cTBOM, o6ecneHHBaionjHM hx 
nepeMemeHHe. ^aHHBifl BapnaHT bbiiiojihchhh ycKopHTena no3BOJifleT cymecrBeHHo 
yBejiHHHTB pecypc pa6oTW HTTY 6e3 3aMCHBi >0[H3JieKTpHHecKHX mameK. 

B H30JIHTOpe, yCTaHOBJieHHOM MSTKXy 3JieKTpOflaMH, MOHCeT 6BITB BtmojmeHO 

yrjiy6jieHHe, o6pameHHoe k ycKopBrrejiBHOMy Kanajiy. TaKoe BBmojiHemie KOHCTpyKimH 
Hny no3BOJweT iiobbichtb paBHOMepHocTB HcnapeHiM bo BpeMemi pa6onero semecrBa c 
noBepxHocra OT3JieicrpHHecKHx mameK. 

B H30JiflTope, yCTaHOBJieHHOM Me»my 3jieiopoflaMH, b npejuno^THTejiBHOM BapnaHxe 
BBmojiHeHHH Hliy ww ncioaoHeHHfl oca^eHHH yraepoaa, BXO,mnixero b cocTaB paSonero 
BemecTBa (Te^JiOHa aim 4>ToponjiacTa), Ha noBepxHOCTH mameK BtmojiHjnoTCH BBiciynBi, 
oGpameHHBie k j^nsjieicrpHHecKHM inanncaM. B stom cnynae b flHSJieicrpHHecKHX inaniKax 

BBmOJIHHIOTCH yniy6jieHHfl, COOTBeTCTByiOIIJHe no $OpMe BMCTynaM H30JMTOpa. 

Kaamaa H3 flHSJieiopHHecKHX mameK MOHcer 6bitb BBmojraeHa, no Mein>mefl Mepe, c 
oothm npoj50Jn>HBiM BBicrynoM, o6pameHHtiM k sjieiopo^y. TaKoe KOHCTpyKTHBHoe 
BBmojiHeHHe mameK h 3JieKTpo#OB no3BOJi5ieT chh3htb HenpoH3BOflHTejiBm>ie noTepn 
pa6onero semecTBa. 

3KejiaTejn>H0, hto6h noBepxHocra AHSJieKipunecKHx mameK, o6pameHHtie k 
pa3pHflHOMy KaHajiy, 6bijih BfcmojmeHH cKomeHHHMH no OTHomeHHio k cpeflmmoft jihhhh 
pa3pH,zmoro KaHajia. B 3tom cjiynae paceroHHHe b m i n Me^ny nporaBOjieacamnMH 

nOBepXHOCTHMH flH3JieKTpHHeCKHX mameK CO CTOpOHBI TOpijeBOrO H3OJIHT0pa H paCCTOHHHe 

b m ax Me^y npoTHBOJieacanjHMH noBepxHoexsMH OTSJieiopHHecKHx mameK co ctopohbi 
OTKpBrroro Topua pa3pa,zmoro KaHajia aojdkho yzjoBjiexBopHTB ycjiOBmo: b ma x/b min > 1,2. 
ftaHHBiii BapnaHT BbmojmeHHH KOHCTpyiamH Hny no3BOjraeT CTai6njiH3HpoBaTB npoijecc 
ycKopeHHH njia3MBi bo BpeMemi. 
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B #pyroM npeAnoHTHTejiBHOM BapnaHTe BbmojmeHHH HITy ajih noBbnneHHJi 
3$$eKTHBH0CTH npouecca ycKOpeHHH njiaavibi nacTH sjieiopoflOB, pacnoJiOEceHHtie 3a 
.HHSJieicrpHHecKHMH niaimcaMH b HanpaBJieHHH ycKOpeHHii nJia3Mbi ? Moryr 6mtb yeraHOBJieHbi 
nofl yrnoM a k cpeOTHHOH jihhhh pa3pwHoro KaHajia, npn 3tom BejiHHHHa yrjia a 
BuSHpaeTCH H3 ycnoBHH: 10° < a < 40°. 

C iieJiBio noBBnneHHH 34)$ckthbhocth ycieopeHHH iuia3MM b KaHajie HOY nacra 
sjieicrpoAOB, pacnojiOHceHHbie 3a OT3JieicrpHHecKHMH mamicaMH b HanpaBJieHHH ycicopeHHH 
iuia3MM, Moryr Ghtb BBmojraeHW njiaBHO cy^caiomtHMHca b HanpaBJieHHH ycKopeHHa 

nJia3MBI, IlpH 3TOM MaKCHMaJIBHaH d max H MHHHMaJIbHafl d m i n IIIHpHHa 3JieKTpOflOB 

BBi6npaK>Tc« corJiacHO ycjiOBHio: d mdX /d m \ n > 2. 

U[ejiecoo6pa3Ho Taione, hto6bi jgiHHa h ranpHHa o,zmoro H3 sjieiopoflOB, cjiy^camero 
aHOAOM, npeBwniajia jumny h nmpHiiy BToporo 3JieKTpofla, cjiyacamero KaTOflOM. 3a cnex 
yBejiHHeHHfl ajihhbi aHo#a aocniraeTCfl paBHOMepHOCTb iuiothocth TOKa no noBepxHOCTH 
sjieiapoflOB HITy, b oco6eHHOCTH Ha hx KoimeBBix nacTHX b6jih3h cpe3a pa3pjmHoro 
KaHana. B pe3yjn>TaTe stoto npn MHHHMaJibHbix pa3Mepax h Macce sjieicrpoflOB noBbimaeTca 
Ha^eMCHOCTt pa6oT£i^Hny. flaHHbift s^^eicr aocTHraeTca 3a cneT hckjhohchhji peacHMOB 
pa6oTBi c noBbnneHHQH JiOKanbHoft nJiOTHOCTbio TOKa, npn KOTopbix bo3MO)kho pa3pyineHHe 
aHO^a. 

Bo3Momchoctb ^*,AOCTH»ceHHK yica3aHHoro pe3yjEbTaTa o6bHCHaeTCH cjieflyiomHMH 

4>H3HHeCKHMH IipOIjeCCaMH, KOTOpbie nOATBep»CAaK)TCK 3KCnepHMeHTaJIbHUMH flaHHblMH. 

B nacTH pa3pa#Horo Ksuaana HITy, orpamraeHHoii AHSJieiopHHecKHMH inainicaMH, 
KOHueHTpan,HH nJia3Mbi y aHOfla npHMepHO BflBoe npeBbraiaeT KOHijeHTpaijHK) nJia3Mbi y 
KaTOfla. BcJieACTBHe 3Toro AHSjieicrpHHecKHe manncH Bbipa<5aTbiBaK>TCfl 6onee hhtchchbho y 
aHo^a no cpaBHemno c BbipaSoTieoft #H3JieKTpHHecKHX inanieK b<5jih3h noBepxHOCTH KaTOfla. 
Pa3pa^Hoe iihtho Ha aHoae 3aHHMaer 6ojibinyio noBepxHocTb, neM Ha KaTOfle. B cjiynae ecjra 
sjieiapoAH HMeiOT o^HHaKOBbie pa3Mepbi (njioma^b), b HacTHocra nrapHHy, to Sojibinaa 
nacTb pa3pH«Horo TOKa KorajeHTpHpyeTca Ha npoaojibHbix KpoMKax aHOfla. B pe3yjibTaTe 
3Toro HBJieHHH npoHCxo^HT ycHJieHHan 3po3HH kpomok aHoaa h nocjieayiomee hx 
pa3pyineHHe, YBejiHHeHHe nrapHHW aHo^a no cpaBHeHHio c KaTO^OM cymecTBeHHO CHHHeaeT 
BepoHraocTb .naHHoro HeraTHBHoro HBJieHHfl 3a cneT noBbnneHHH paBHOMepHOcra iuiothocth 
TOKa no noBepxHOCTH ajieicrpoflOB. 

CKopocTb nepeMemeHHH pa3pszmoro iwraa baojib noBepxHOCTH aHoaa 3a -cpe30M 
OT3jieicrpHHecKHX uiameK Ha 30% Bbime CKopoern nepeMemeHHH naraa no noBepxHOCTH 
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Karofla BCJie^CTBne ^eiicTBHa 3$$eicra Xojuia, KOTopbifi npoHBjraercfl b noBopOTe (HaioioHe) 
tokoboh nepeMbiHKH OTHOCHTejiBHo noBepxHocra 3jieicrpoaoB b HanpaBjieHHH ycKopeHHH 
nna3MM. IlpH yBejiHHeHHH jumnhi aHoaa (no cpaBHeHHio c KaroaoM)) HCKJiiOHaeTCH npHBH3Ka 

pa3p)WHOrO IIOTHa K erO BbDCOflHOH KpOMKe H, COOTBeTCTBeHHO, CHHECaeTCJI BepOHTHOCTb 

pa3pymeHHH 3Jieiapoaa 3a crer noBumeHHH paBHOMepHocm iijiothocth pa3pK#Horo TOKa no 
noBepxHOCTH sjieiopoflOB. 

YKa3aHHMe Btnne TexHHnecKHe pe3yjibTaTbi flocraraioTCJi TaioKe npn ocymecTBJieHHH 
cnocoSa ycKopemra iuia3MH, kotqpmh BKmonaeT 3a^cnraHHe pa3p*ma b pa3pH#HOM KaHane 
iuia3MeHHoro ycKopHTejm c noMombio ycTpoHcraa HHHmrapoBaHHx pa3p*ma h HMnyjiBCHyio 
no^any pa3paflHoro Hanpn^ceHKH ot HaKonHTejw 3Hepnm nepe3 BHemmoio sjieiapHHecKyio 
uem> Ha aneiopo^md nna3MeHHoro ycKopHTena, Meamy kotopbimh ycTaHOBjieHbi 
AHSjieicrpHHecKHe maniKH, BbmojiHeHHbie H3 aSunpyiomero MarepnaJia. IlpH 3tom, corjiacHO 
HacToameMy H3o6peTeHHK>, b pa3psmH0M KaHane ycieopHTejia 3a3KHraiOT h no/ujepsKHBaioT 
KBasnanepHOOTHecKHe HMnyjibCHbie paspsyjbi npn bgioihhhc pa3pa#Horo HanpjDKeHHH U He 
MeHee 1000 B h xapaicrepHCTHKax BHenraeft 3JieicrpHHecK0H uenn ycKopHTejia, 
yAOBJiexBopfliomHX yarioBHio: 
2<:C/L, 

rae C - 3JieKTpHHecKaa cmkoctb BHenmeft 3JieKxpHHecKOft uienH b mkO, 

L - HHflyKTHBHOCTb BHeiHHeH 3JieKTpHHeCK0H UeilH B hFh, BeJIHHHHy KOTOpOH BblSnpaiOT H3 

ycjioBHH: L ^ 100 h Th. 

IlpH ocynjecTBJiemiH naTeHTyeMoro cnocoSa ycicopeHHH nJia3MH 3a cneT Bbi6opa 
napaMeTpoB BHeuraeH i^enn (C h L) corjiacHO yKa3aHHOMy Bbnne ycjioBHK) HMneaaHC 
BHeiimeH uenn MaKCHMajibHo npnGjiHaeeH k BejiHHHHe HMneaaHca BHyipeHHefi uenn. Tanoe 
corjiacosaHHe napaMerpoB sjiemrpiraecKHX ueneii jiocTHraeTCH <5e3 Hcnojn>30BaHHH 
^onoJiHHTejibHbix ycTpoficTB h, cjieflOBarejibHO, 6e3 ^ononHHTejibHbix noTepb 
3JieKTpo3HeprHH . 3a crer 3Toro 3$$eKTHBHocTb npoaecca ycKopemra roia3Mbi npn 
noTpe6jiKeMOH sHeprnn ot 20 no 150 JS?k npHMepHo BflBoe npeBbnnaeT raroByio 
3<J)$eKTHBH0CTb H3BecTHbix HTiy. Ilpoijecc ycieopeHHJi njia3MM npH ocyn^ecTBJieHHH 
naTeHTyeMoro cnoco6a npoHcxo,mrr ycroiiHHBo c bmcokoh stJ^eicTHBHocTbio 
Hcnoju>30BaHHH paGonero BemecTBa. 

HaH6oJiee npe,zjnoHTHTejibHO ocymecTBJieHHe cnocot>a, Kor^a KBa3HanepHOHHecKHe 
paspjmw 3aacHraioT h nozmep^HBaioT npn xapaKTepHCTHKax BHemHefi 3JieiopHHecKoft uenn, 
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BuGpaHHMX H3 flonojiHHTeJibHoro (orpaHOTHBaioinero) ycjioBiw: 2 < C/L < 5. flairaoe 
ycjiOBHe xapaicrepH3yer orpaHnneHHe ypoBHH aHepnra paspiwa, npn kotopom Ha6jnoflaercH 
cymecTBeHHoe npeBbnneHHe 3 $$eKTHBHOCTH ycicopeHiw iuiasMH h HcnojibsoBaHna 
pa6onero BemecTBa no cpaBHerano c hsbccthlimh cnocoQaMH ycKopeHHH roiajMbi. 

KaK noKa3HBaiOT annpoKCHManHOHHbie 3aBHCHMOcra, «o 3HaHeHH» 3HepraH pa3pjwa 
-500 ftK xaroBaa a^^eKrHBHOcn. cnoco6a ycKOpeHHa njia3Mti npeBbnnaex 3$<peKTHBH0crb 
HSBecTHHX cnocoSoB-aHajioroB or 2 no 2,5 pas. OjmaKO npH SHepnra paspjma cBbiine 
1000 fl* npOHCxowrr cojiHHceHHe 3<|><i>eKTHBHOCTeH nponeccoB ycKOpeHHa iuia3Mbi no 
nareHTyeMOMy cnoco6y h corJiacHO H3BecTHHM cnoco6aM-aHajioraM. 

B pe3yjn>TaTe npOBe^HHbix HccjieaoBaHHH 6hjio ycTaHOBJieHO TaioKe, hto 
HanpaaceHHe, npn kotopom npoOTJiHerca 34>4>eKT cymecTBeHHoro noBbnneHna 
34»$eKTHBHOCTH nponecca ycKopeHHH njia3MH, cocTaBJiaer He 6onee 2000 B. npn 
yKa3aHHBK orpaHHHeHHHx HanpjraeHHa MaKCHManbHaa aHepnw pa3pw cocTaBJiaeT 
~ 1000 ftac. 

C yneroM yciaHOBJieHHtix 3aBHCHMOcTeft nejiecoo6pa3HO 3a)KHraTb h noaflepxoiBaTb 
KBa3HanepH6«HHecKHe HMnyjibCHbie pa3pj«bi npn BejiHHHHe pa3pannoro Hanpsracemw 
U=1000 - 2000 B. 

DKenaTejttHOJ-raKMee, hto6m HHflyKTHBHOcn. L BHenraeH ajieicrpHHecKOH nenn 
BBi6HpaJiacb B flnanasoHe L=20 - 100 h Th. ripHBefleHHoe «onoiiHHTejn,Hoe ycnoBne TaoKe 
HanpaBjieHO Ha nojwepHcaHHe cymecTBeHHoro npeBbnneHHn 3<p$eKTHBHOcTH nponecca 
ycKOpeHHa miasMbi npn peajiHsanHH nareHxyeMoro cnoco6a no cpaBHemno co choco6om- 
npoTOTHnoM. B pe3yjibTaTe npoBefleHHBK aKcnepHMeimuibHbix nccJieflOBaHHH okdio 
ycTaHOwieHO, ^rro yBemrceHHe HHflyKTHBHOCTH BHenraeH 3JieKTpHHecKofi n.enn 6ojiee 
100 hFh npHBO^HT k nocreneHHOMy c6jiH^eHHio napaMeTpoB naTeHTyeMoro h H3Becraoro 
cnoco6a. 

C nejn,K) ynpomeHHH ycrpoHCTBa, npeflHa3HaHeHHoro ffifl ycKOpeHHa njiasMBi, 
Hcnojn»3yK>TCH ajieierpoflM b <J>opMe iukicthh. 

flmraa sneioponoB npe«noHTHTejn.HO npeBbnnaeT npoTaaceHHOCTb flHajieKTpHHecKHX 
mameK b HanpaBJieHHH ycKoperaw roiasMbi. flaHHoe BbmojmeHHe cpeflCTBa ocyraecxBJieHHH 
cnoco6a nosBOJiaer aonojiHHTejibHO. noBHCHTb 3$$eierHBH0CTb nponecca ycKopeHHH 
njia3Mbi. 

B nponecce ycicopeHHs njia3Mbi WHSJieKxpHHecKne manncH nenecoo6pa3HO nepeMemaTb 
b HanpaBJieran k cpeflHHHofi jihhhh pa3pa,zraoro KaHana «o ^HKcnpoBaHHoro nonoaceHHH 
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OTHOCHTeiibHO noBepxHOCTeft 3JieKTpoflOB. TIaHHoe BHnoJiHeHHe cpeACTBa peajnwamra 
cnocoGa no3BOJweT ocymecTBJWTs HenpepbiBHtm npoijecc ycKopemra iuia3Mbi 6e3 3aMem>i 
jCH3JiCKTpHHecKHX mameK. 

YcKOpeHHe njia3MH ijejiecoo6pa3HO npoBO#HTb b pa3p5umoM KaHane, b kotopom 
noBepxHOCTH OT3JieKTpHHecKHX inameK BbmojraeHbi ckouichhbimh no OTHomeHmo k 
cpejotHHHofi jihhhh pa3pji#Horo KaHana. IIpH 3TOM paccTOHHHe bmin Me^cny 
npoTHBOJie^camHMH noBepxHOCT^MH OTaJieiopiraecKHX mameK co cropoHH H30Jurropa h 
paccTOHHHe b max Me»cfly npoTHBOJieMcaumMH noBepxHocTHMH AHSJieKTpHHecKHX mameK CO 
cropoHBi oncpbrroro Topua pa3pflAHoro KaHana aojdkho yzjOBjieTBopHTb ycJioBmo: 

flaHHoe BtmojmeHHe KOHCTpyKimH ycrpoftcTBa no3BOJiaeT cTa6HJiH3HpoBaTb npouecc 
ycKOpemra ima3Mbi bo BpeMeHH. 3KcnepHMeHTaju>HO 6mjio ycTaHOBJieHO, hto b 
naTeHTyeMOM IHIY npH ero pa6oTe MaKCHMam>HMH pacxoa pa6onero BemecrBa 
(flHsneinpHHecKHX mameK) nponcxoaiiT He b hx cpe^Hefl nacTH pa3pn£Horo KaHana, KaK b 
H3BecTHBix aHaJiorax KOY, a b o6jiacra BwxoflHoro ceneHHH pa3paflHoro KaHajia. B 
pe3yjn>TaTe 3Toro npoijecca pa6oHHe noBepxHocra mameK noereneHHO "pacKpbmaioTCfl". 
3to aobojibho npoflOJDKOTejiBHbifi npoi;ecc, Tpe6yK>mHH nopHAKa 10 5 pa3pjmoB HaKonHTejra 
SHepran. B TeneHHe aaHHoro npoijecca H3MeHJnoTCH xapaicrepHCTHKH VfHV (b CTopoHy 
B03pacTaHHfl). yKa3aHHbifi Bbime BapnaHT KOHCTpyKTHBHoro BbmojraeHHfl AHSJieicrpHHecKHx 
mameK HanpaBJieH Ha yMeHbmeHHe BpeMeHH npHpa6oTKH Kanajia HTIY h Ha cTa6HHH3ai^io 
xapaKTepHCTHK pa6onero npouecca ycKopemra njia3Mbi, HaHHHaa c nepBoro BKmoneHira 

raiy. 

YcKOpeHHe iuia3Mbi npejpioTOrrejibHo ocymecTBjraeTCH b pa3pfl^HOM KaHane, b 
kotopom nacre sjieiopoflOB, pacnojioaceHHbie 3a «H3JieKTpHHecKHMH manncaMH b 
HarrpaBJieHHH ycKopeHHa xuubmei, ycTaHOBiieHbi nojx yrjiOM a k cpe^HHHoft jihhhh 
pa3p*mHoro KaHana. IIpH 3tom BejiHHHHa yrjia a Bbi6HpaeTCJi H3 yanoBHH: 10° < a < 40°. IIpH 
yKa3aHHMX ycjioBHHX flonoJiHHTejibHO noBbimaeTca 3<f)<i>eKTHBHOCTb npouecca ycKopeHHH 
njia3MM. 

IJejiecoo6pa3Ho TaK»ce ocymecTBJMTb npouecc ycKopeHHH njia3MW b pa3pnflHOM 
KaHane, b kotopom nacre sneicrpoflOB, pacnojioaceHHbie 3a arojieicrpHHecKHMH mamKaMH b 
HanpaBJieHHH ycKopeHHH iuia3Mbi, BbmojmeHW njiaBHO cy^caiomHMHCH b HanpaBJieHHH 
ycKopeHHH iuia3Mbi. Efpn 3T0M MaKCHMajibHaa d max h MHHHMarabHas d m m mnpiraa 3JieiapoflOB 
Bbi6HpaiOTCH coraacHO ycjiOBHKK d ma x/d m in ^ 2. B stom cnynae yBejmHHBaercH noroHHaa 
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HHayKTHBHOCTb pa3p*umoro KaHajia, hto nojioacHTeJibHO Brawer Ha corjiacoBaHHe 
napaMerpoB BHenmefi h BRyrpeHHefi ajieicrpHHecKOH uenH. Kaie noKasarai npoBeaeHHbie 
HccjieflOBaHHH, 3$<^eKTHBHOCTb nponecca ycKopeHHH ruia3Mbi flonoriHHTejibHO 
yBejiHHHBaerca Ha 10% - 12% npn HcnojitsoBaHHH cyxcaiomaxca aneicrpoAOB no cpaBHeHino 

C npflMOyrOJDbHBIMH 3JieKIpOflaMH. 

YcKOpeHHe HJKOMbi npeanoHTHTejibHO ocymecTBJWTt b pa3paflHOM KaHane, 
orpaHHHeHHOM H3Ojrarop0M, b kotopom BbraojraeHo yrjiy6jieHHe co cropoHW pa3paflHoro 
KaHajia. TaKoe BbmojmeHHe KOHcrpyKHHH Hliy, ncnojibsyeMoro b KanecxBe cpeacrBa 
ocymecTBJieHHfl cnoco6a ycKopeHHH nna3Mbi, no3BOJMeT hobbichti. paBHOMepHoexb 
HcnapeHHH bo BpeMera pa6onero BeinecTBa c noBepxHocm AHSJieicrpHHecKHX mameK h, 
cjieflOBarejiBHO, flonojiHHTejibHO noBBicHTb 34xpeKTHBH0CTb npouecca ycKopeHHH njia3MW. 

B npejmo^THTejn,HOM BapnaHTe BbmojmeHHfl ycKopeime njia3MB»i ocymecTBJunoT b 
pa3pjMHOM KaHane, b kotopom aroma h nrapHHa o«Horo H3 ajieiopoflOB, cjiyaeamero aHOflOM, 
npeBbiuiaeT fljnray h mnpHHy BToporo sjieicrpofla, cjiyacamero KaroflOM. flamttiH BapHaHT 
peanH3airaH H3o6peTeHiw no3BOJiaeT chh3htb 3po3HK) KpoMOK aHOfla h, BcneflCTBHe sroro, 
HCKjnoHHTb hx pa3pymeHHe npH MHHHManbHbix pa3Mepax h Macce aneierpoflOB. 

Kpamnoe onucanue nepntexceu 
flanee rpynna H3o6peTeHHH noflCHaercH oiracaHHeM KOHKpeTHbix npHMepoB 
peanH3anHH h npHJiaraeMBiMH HepreHcaMH, Ha kotopbk H3o6pa»eHO cjieayiomee: 

Ha <J)ht. 1 - npe«CTaBJieH bha c6oKy Ha HITY, BbinojiHeHHbiH coraacHO HacroameMy 

H3o6peTCHHK); 

Ha $ht. 2 - H3o6pa»ceH ciyneHHaTtm pa3pe3 HTTY, npeflCTaaneHHoro Ha 4>hi\ 1, b 
iuiocKocxax A-A; 

Ha 4»ht. 3 - cxeMaxHHHO H3o6paaceH pa3pes pa3pjuraoro KaHaria HTIY b BapHawre 
BbraojraeHHH c flHSJieKTpHHecKHMH mamKaMH, b KOTopbix oopa30BaHbi yrny6jieHHH b 
o6jiacTH KOHxaKra c pa3flejiHK>inHM ajieiopoflbi hsojihtopom; 

Ha $nr. 4 - cxeMaTHHHO H3o6paaceH pa3pe3 pa3pJWHoro KaHana HTiy, 
npeflCTaBJieHHoro Ha <|>Hr. 3, b iijiockocth B-B; 

Ha 4>nr. 5 - cxeMaTHHHO H3o6paJKeH nonepe^Hbrn pa3pe3 flHSJieiopHHecKHx manieK c 
npoflOJibHbiMH BbicTynaMH, o6pameHHbiMH k sjieiopoflaM Hliy; 
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H a $ht. 6 - cxeMaTHHHO H3o6paaeeH nonepeHHHft paspes paspjwHoro KOHana VUJY, b 
tcotopom ycraHOBneHM flHSJieicrpHHecKHe inamKH c hpohojibhhmh BbicxynaMH b BapnaHTe 
BbinoJiHeHHH, noKa3aHHOM Ha 4>m\ 5; 

Ha 4>ht. 7 - npeflCTaBJieHa ipacfemecKasi 33bhchmoctb H3MeHeHH* pa3pH«Horo TOKa I, 
H3MepaeMoro b kA, b xeHeHHe fljnrrejiBHOCTH T HMnyjn>ca TOKa, HSMepneMOH b mkc, WM 
HTiy - npoTOTHna; 

H a (j)nr. 8 - npeacTaBJieHa rpa$HHecKaa ssbhchmoctb HSMeHemui paspswHoro TOKa I, 
HSMepaeMoro bkA,b TeneHHe fljnrreji&HOCTH T HMnyjitca TOKa, HSMepaeMoft b mkc, jua 
HTiy, BbmoJiHeHHoro cornacHO HacroameMy H3o6peTeHmo; 

Ha $ht. 9 - npeacraBJieHH rpa^HnecKHe 3aBHCHMocTH H3MCHeHiw paipaflHoro TOKa I, 
HSMepaeMoro bkA,b TeneHHe flmrrejiLHOCTH T HMnyntca TOKa, HSMepaeMofi b mkc, flM 
pasjniHHHx cooTHoraeHHfi napaMeipoB C h L BHenraeH sjieicrpiraecKOH uenn HTIY, 
BHnojraeHHoro coraacHO HacroameMy H3o6peTeHHio. 

JIpuMepu ocyiuficmeneHua. modpemenuH 
B KaiecTBe <npHMepa ocymecTBJieHHa H3o6percHHa HH^e npHBeaeHO onncaHHe 
KOHCxpyKmm HMnyjiBCHoro miasMeHHoro ycKopirceJiH, BBraojnieHHoro corjiacHO 
HacTOHmeMy H3o6pereHHK>, h cnocoSa ycKopeinw iraasM&i, peajnisyeMoro c noMombio 
HMnyjiBCHoro iuia3MeHHoro ycKopHTejw. 

HMnyjiBCHMH njiasMeHHBifi ycKopHTCjn>, rooSpaaceHHHH Ha $nr. 1 - 6, coaepacHT flsa 
3 jieKTpo«a 1 b *o P Me miacTHH, o«Ha H3 koto P bix aiyxcHT KaroaoM, a BTopaa - aHOflOM. 
Meawy 3JieKTpo,a;aMH ycTaHOBneHW «Be OTSJieierpHHecKHe raannoi 2, BBraojraeHHbie hs 
a6jrapyiomero MarepnaJia. B paccMarpHBaeMOM cnynae b KanecTBe aGjrapyiomero MarepHana 
HcnojiBsyerc* ^roponjiaci. flrama 3JieKipoflOB 1 npeBtnnaer npoTHXceHHOcxB 
ffH3JieKTpHHecKHX mameK 2 b HanpaBJieHHH ycKopeHHH roiajM&i. 

CxeHKH paspjmHoro KaHana ycKopHTejw o6pa30BaHfci noBepxHocrHMH sneiopoflOB 1 h 
AH3jieKTpHMecKHX inameK 2. Ojma xopueBaa nacxb paspmmoro KaHana BBinojiHena 
otkplitoh, a y npoTHBonoJiOJKHoii TopHeBofi nacTH KaHana Mexwy aneicrpoflaMH 1 
ycTaHOBjieH TopueBoft HSOJiarop 3. B KanecrBe Maxepnana Hsojwropa 3 HcncwiBsyerca 
xyronnaBKaa KepaMmca, HanpHMep, A1 2 0 3 . B Hsojurrope 3 BtmoJiHeHO yrJiy6jieHHe, 
o6pameHHoe k ycKOpHTejiBHOMy KaHany. 

B cocraB ycKopHTejia bxoaht TaKace ycrpoHCTBO 4 HHHHHHpoBaHHfl paspjma, 
npeacTaBJiaioniee coSofi «Ba ajieierpoaa 5, BtmojiHeHHwe hs MeaHoii npoBOJioKH. 3jieKTpo«H 
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5 HsojmpoBaHH spyr or spyra a or aaeicrpo* vcnJ ofttrBa 4 

Kepa^. V-poacrao 4 acrpoeno a 1, a Me^e „*. y-ponc 

_oro KaHana. BejnwaHa yraa a BMopa-a coraacHO ycoa^o: 10 £ . - 40 . P 
"m a_ „ pa— — - — ^ 

Laa, r»e ,™eHa. — 2, cocxaaaaer 45 mm, 

^^^U,-— ~ — 

yCKOpBHHfl ruiasMH. MaKCHMaHBHaK d max . MHH«HaH d min 

y j m . > 2 B oaccMaTpHBaeMOM Bapnairre BHnoJiHeHH* 

BBi6HpaK>TCH coraacHO ycjiosmo: d max /d min £ 2. B paccMaxp 

VKa3aHHOe COOTHOHieHHe (dmax/drain) paBHO 7. 

"aaMep* canon, hs ^oa I. aaoaoM np_ paaMep* 

^ - — «— Ha 10 mm ^ 

loaa. np H y~x ^— o6eane™» paancMep »« J^Lc 
(paaHOMepHocra ^othoch. xoaa no noaepxHoon, «^ — — 
paaMepaxHMacceffliy. K p^paaaoMy aaHaay, 

PaccroaHHC bmm Meatfly npoTH npOTHaoaeacauoiMH 
copoBH Topueaoro Hsoaaropa 3 h pac^oaBHe ^ 

noaapxHOcraM* » mamca 2 co cropoHM orKparroro xopua p P*» 

^ . . n. > i) B paccMOTpHaaeMOM aapHairre 

Kanana BHOpaHH coraacHO ycnoBHjo. Wb™» - ^- r 

MB ™ mUU=1 rara , ycTaaoBJie Ha, « BOSMoacHOomo napeMemeHH* a 

^KareflH 6. HOT— p*™ noaepXHOOrea ^—P— « -» * m 
c HOMO***. cneu«aflBHon> *HKcaxopa _** 7, BBmoa— a »» BHcryo 
noaepxBocra aJierapoaa 1 , cayacamero Ka TO flOM. 



21 

jjflx opneHTamiH nojio^ceHHH AH3JieKTpHHecKHx niauieK 2 baojib HanpaBJieHHH hx 
nepeMemeHHH h o6ecne*ieHH5i paBHOMepHocTH a6jiKUHH AH3JieiapHKa Ha 6okoboh 
noBepxHocra maineic Moiyr 6bitb BtraojmeHbi yrjiy6jieHH5i 8 (cm. 4>hi\ 3 h 4). B stom cjiynae 
b H30JiaTope 3, ycTaHOBJieHHOM Memjsy 3JieierpoAaMH 1, BBmojiHaioTCS cooTBercTByioiAHe no 
4>opMe BBiciynbi 9, oGpameHHBie k AHSJieicrpHHecKHM manncaM 2. 

B BapHairre bmiiojihchhh KOHCTpyKUHH, noKa3aHHOM Ha <^ht. 5 h 6, KaacAaa H3 
AH3JieKTpHnecKHX inameic 2 BBmcwraeHa c upoaojibhbimh BBicxynaMH 10, o6pameHHBiMH k 
sjieierpoAaM 1. CTpejncaMH Ha 4>ht. 6 noKa3aHO HanpaBJiemie nepeMemeHH* 
AH3JieKTpnHecKHx maffleK 2 b npouecce paSoTBi HITy. 

B paccMaTpHsaeMOM BapnaHTe BBmojmeHHH c oahoh CTOpOHW KaacAoft 
^H3jieKTpHHecKOH inannai 2, o6pameHHoft k 3JieierpoAy 1, BBmojraeH oahh npoAonBHbifi 
BBicTyn 10, a c npoTHBonojioacHoii cropoHBi - Asa BBicTyna 10. flaHHoe BBinojiHeHHe 
o6ecneHHBaeT, c oahoh cropoHBi, ycToifaHBoe nojiorceirae AH3JieKTpHHecKoft maimcH 2, a c 

flpyrOH CTOpOHbl, MHHHMaJIBHyiO KOHTaKTHyiO nOBepXHOCTb C SJieKTpOflOM 1 c uejiBio 

cHH»ceHHfl He3$$eKTHBHoro pacxo^a paGonero semecTBa. 

njia3MeHHwfi yeKopHTejib BKJUonaeT b cboh cocraB cmkocthmh HaKonnreJib 3Heprera 
11, coaepacamnft <qerbipe KOH^eHcaTopa 12, ABa H3 KOTopwx H3o6paaceHbi Ha $Hr. 1. 

HaKOHHTeJIb 3HepPHH. KOHCTpyKTHBHO COeflHHeH C H3OJIflT0p0M 3 H, COOTB€TCTBCHHO, C 

SJieKrpo^aMH 1 c noMOim>io KpeneacHBix sneMeHTOB 13 b BHAe pa3beMHoro coeAHHeHHH. 

FLna3MeHHBiH ycKOpHTejib coAepaarr TaKMce TOKonoABOAH 14 h 15, KBroTOBJieHHBie H3 
jihctoboh Me^H tojihjhhoh He MeHee 0,3 mm. Czma KOHueBaa nacTb tokohoaboaob 14 h 15 
ncmanoHeHa k 3JieiapHHecKHM BBiBOAaM 16 KOHAeHcaropoB 12, a spyraa - k 
cooTBercxByiomeMy 3JieierpoAy - OAHOMy H3 3JieierpoAOB 1 HTIY. Bbiboabi 1 6 
KOHfleHca-ropoB coeAHHeHbi c TOKonoflBOflaMH 14 h 15 c noMombio pa3*beMHbix coeAHHeHHit 
JSfln ynyHineHHH 3JieicrpHHecKoro KOHTaicra pe3b6oBbie coeAHHeHHfl nponaHBaiOTca. 

TOKOnOABOABI 14 H 15 COBM6CTHO C SJieKTpOAaMH 1 H HaKOHHTeJieM 3HeprHH 11 

o6pa3yK>T BHemHiOK) 3JieKTpHHecKyK> item njia3MeHHoro ycicopHTCJiH. C uenwo chhskchhji 

HHAyKTHBHOCTH L BHCIHHeH 3neKTpHHeCK0H IjeilH TOKOnOABOAM yCTaHaBJIHBaiOTCfl c 

MHHHMajiBHBiM 3a3opOM othochtcjibho Apyr flpyra. Heo6xoAHMaa 3JieKTpHHeCKafl 
npoHHocTB b 3a3ope Meamy TOKonoABOAaMH 14 h 15 oSecneHHBaeTca nocpeACTBOM 
pa3MemeHHfl b 3a3ope AHSJieicrpHHecKOH ^ToponjiacTOBoft npoKJiaAKH (iuichkh) 17 

TOJHAHHOH 0,5 MM. flaHHOe KOHCTpyKTHBHOe BBmOJIHSHHe y3Jia COeAHHeHHH HaKOHHTeJIH 
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3HeprHH 11 c 3JieKTp<WMH 1 o6ycnoMeHO Tpe6oBaHHeM o6ecneneHHK MHHHMajibHoft 
BejiHHHHW HBwyKTHBHOCTH L BHemHeft ajieicrpHHecKOH ueira (L < 100 hTh). 

3jieKTporarraHHe ajieierpoaoB 5 ycTpoftcTBa HHHmmpoBaHHH pa3p*ma o cymecTB jihctch 
c noMombio 6jiOKa mrraHH* 18 ycrpoftcTBa 4 HHHmmpoBaHira sJierapHHecicoro pa3paaa. 

XapairrepHCTHKH BHenmeft sjieKipHHecicoft n&rm iuia3MeHHoro yaeopHTejia Bbi6pam>i 
H3 ycnoBna, npH kotopom oSecneHHBaeTca cymecTBeHHoe npeBMineHHe 3$<|>eKTHBH0CTH 
HMnyjibCHoro iuia3MeHHoro ycKopirrejiH no cpaBHemno c y cTpoHCTBOM-npoToranoM : 
2<C/L, 

iyje C - 3JieKTpHHecKaa cmkoctb BHenmeft 3JieKTpHHecieoft uenn b mkO, 

L ~ HHflyKTHBHOCTb BHemHeft 3JieKipHHeCKOft UeilH B HlX BeJIHHHHa KOTOpOH BU6paHa H3 

ycjiOBira: L £ 100 h Th. 

npH 3TOM aneayeT otmcthtb, hto cmkoctb BHenmeft 3JieierpHHecKoft uenH 
cocpewTOHeHa HenocpeacTBeHHO b KOHfleHcaTopax 12 HaiconHTejia sHeprnn 11. 

flonojiHHTejibHbiMH ycnoBHHMH Bw6opa napaMeipoB BHemHeft sjieicrpHHecKoft i*enn, 
npn kotophx HaGjiKwaeTCJi MaKCHManbHaa 3<|><keKTHBHOCTb npouecca ycKopemra njia3MM b 
pa3pTOH0M KaHajie iwa3MeHHoro ycicopHTejifl, scbjuootcx cJie^yiomHe ycJiOBHH: 
2<C/L<5hI>20- IOOhTh. 

OnTHMajiBHbie 3HaneHHH HHflyKTHBHOcra h eMKOcra BHemHeft sneierpHHecKoft uenn 
juw paccMaTpHBaeMoro BapnaHTa BbmojmeHHH iuia3MeHHoro ycKOpirrejra cocTaBJWior: 

L - 50 hFh; C - 150 mkO. 

Pa6oTa HMnyjibCHoro njia3MeHHoro ycKopHTejia h, cooTBcrcTBeHHo, cnocoS ycicopeHHK 

njia3Mbi ocymecTBJMteTCH cJieayioujHM o6pa30M. 

IlpH BKJnoneHHH WHY npon3Bo;prrcH 3aHCHraHne AyroBoro pa3pw b pa3pa«HOM 
KaHaJie yacopHTejw. B 6jioKe nuTaHHH 18 HHHimHpyiomero sjieKxpiraecKoro paspw 

4>OpMHpyeTCH KOpOTKHft T ~ iMKC BHCOKOBOJIbTHblft HMHyJIbC, nOflaBaeMblft Ha 3JieKTpOAM 5 

ycTpoftCTBa 4 HHHmmpOBaHHH pa3p*ma. B pe3yjn>TaTe BbicoKOBOJibTHoro sjiercrpHHecicoro 
npo6oH no noBepxHOCTH jptrajieicrpHKa o6pa3yeTCH npoBOflanmft mia3MeHHbifi crycTOK, 
3aKopaHHBaiomHft sJieicrpoABi 1 b npouecce ero nepeMemeHHH b pa3p*iAHOM KaHajie. 

nocjie 3aKHraHH« HHHUHHpyiomero paspnaa nponcxoAHT 3JieKTpHHecKHft npo6ofi 
ocHOBHoro MeEC3JieKTpoflHoro npoMe^cyTKa Meawy sneiopoflaMH 1, Ha KOTopbie 
npeAsapHTejibHO noflaercfl HanpjDKeHHe ot KOHaeHca-ropoB 12 HaKonHT-ejin 3Hepran 1 1 nepe3 
TOKonoABOflw 14 h 15. 3jieKTpoH30JWi*H* TOKonoABO^OB 14 h 15 ocymecTBJMeTCH c 
noMombio i^ToponjiacTOBoft npoKJiaflKH 17, ycTaHOBJieHHoft Me»my TOKonoflBoaaMH. 
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BejiHHHHa paapHflHoro nanpaaceHHa U Bbi6Hpaerca b flnanasoHe ox 1000 B fl o 2000 B. 
noflana HMnyatcoB HanpHMceHHH nponsBOflHTca nepes Bnennnoio saeKrpHHecKyio nem,, 
oGpasoBaHHyio HaKonHTeaeM SHeprra 1 1 h TOKonoflBOflaMH 14 h 15. 

OTJIHHHTeJIfcHOH OC06eHHOCTBK> CHOCo6a yCKOpeHHH HJiaSMH KBJIfleTCH TO, HTO B 

paspnflHOM Kanajie xuiasMeHHoro ycKopureJia sawHrawr h noflaepaamaiOT 
KBasnanepHOwraecKHe HMiiyjiBCHbie paspaabi npn BejiHHHHe paspajmoro HanpHKenna U He 
Me H ee 1000 B h xapaicrepHCTHKax BHenmeft saeKipHHecKoft ncrm ycKopirrejia, 
yflOBJierBoparonmx ycjiOBmo: 2L < C, 

roe C - ajieKipHHecKaa cmkoctb BHemHeft saeicrpHHecKoft uenn b mkO, 

L - HHflyKTHBHOCTB BHemHeft 3JieiCipHHeCK0ft HeHH B hTh, BeJIHHHHy KOTOpoft Bbl6H P aiOT H3 

ycnoBHa: L < 100 hTh. 

Tpe6yeMHft yposeHB HHjryKTHBHOCTH BHemHeft aneicrpHHecKOft uena o6ecneHHBaerca 
B peanbHoft KOHcrpyKHHH Hliy sa cner nowcmoHeHHa sneKxpoaoB 1 HenocpeacTBeHHO k 
TOKonoflBoaaM 14 h 15, HMewrnHM pasBHTtie noBepxHOCTH (6ojii,myio imoinamO, npn 

yCJIOBHH MHHHMHaaHHH flJIHHBI TOKOHOflBOflOB H paCCTOHHHfl MeJKfly TOKOnOflBOWlMH H 

3JieKtpoflaMH. 

B paccMarpHBaeMOM npHMepe ocyraecTBJieHH* HsoopereHH* xapaicrepHCTHKH 
BHenraefi saeicrpHHecKoft uenn C h L wfepajmcb juaSomc onxHManBHHMH, c tohkh 
speHHa AOCTHHceHHa HaHBbicmeft s^eKTHBHOCXH ycKopeHHH imasMH, comacHo cjieayiomHM 
orpaHHHHBaiomHMycjiOBHflM: 2 < C/L < 5 

npn BenHHHHe mwkthbhocth L BHemHeft aaeierpHHecKoft Heira, BBi6paHHoft b «Hana30He 

20-ioohFh. 

npn coSjnofleHHH yKasaHHBix BBime ycaoBHft HaOnQflpra, naimyHmee coraacoBBHHe 
napaMexpoB BHeiimeft h BHyrpeHHeft sneierpiwecKoft neim, hto h ooycJiOBHJio «ocTH*eHHe 
xexHHHecKoro peayaKraTa, BBipaKaioweroca, rjiaBHBiM o6pa30M, b noBbinieHHH 
a^eKTHBHOCTH ycicopeHHH nJiasMLi h cHHKeHHH HenpoHSBOAHxejn.Hbix noxepB pa6oHero 

BemecxBa h 3jieicrpo3HeprHH. 

Uoa fleftcxBHeM H3jryHeHHa h kohbckhhh hb o6jiacTH sjieicipHHecKoro paspaaa 
npoHCxoflirr HcnapeHHe (aSaHima) paGonero Bemecxaa c pa6oHeft noBepxHOcra 
HHSjieKrpHHecKHX mameK 2. B paspaanoM KaHane miasMeHHoro ycKopnxejia npoHcxo^T 
HacxHHHaa HOHHsamw paeonero Bemecxsa h nocjieayioinee ycKopenae iijiasMeHHoro crycnca 
sjieKTpoMarHHTHHMH h raaoflHHaMHHecKHMH cnaaMH. HcxeKaiomHft H3 paspaanoro Kaaaaa 
HTiy iuia3MeHHMfi hotok co3«aeT peaKTHBHyio Tary. 
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BbmojiHeirae TopueBoro KepaMHHecKoro H30JiflTOpa 3 c yrjiy6jieHHeM co ctopohbi 
pa3pnflHoro KanaJia no3BOJi«eT oirraMajibHO opraHH30Ban> iiotok mia3MH Ha HananbHOM 
axane pa3pa^a h H36e»caTb ocaacfleHHH yrjiepoaa Ha «H3JieicrpHHecKHX inanncax h b 
kohchhom HTore yBCJiHHHTb pecypc mia3MeHHoro ycKopHTejia. 

MaKCHMajiBHoe ncnojiKJOBairae ajieiapoMarHHTHoro 3<J)<|>eKTa n P H ycKopeHHH b 
pa3pazmoM KaHajie mia3MeHHoro crycnca, kotophh BsmojiHaeT <j>yHKijHK> tokoboh 
nepeMBiHKH Mexc#y 3JieKTpoflaMH 1, flocraraercH npH Hcnojn>30BaHHH sneicrpOAOB, flJiHHa 
KOTopwx npeBumaeT hpot^dkchhoctb .zmajieiopHHecKHx mameK 2 b HanpaBJieHHH 
ycKOpCHHH njia3MBi. ITpH 3TOM npHMeHJUOTca sjieiopoflfei 1, BwnojraeHHBie B $OpMe IIJiaCTHH. 

CKopocTb nepeMememifl pa3pa£Horo rorrHa no noBepxHocra oj^Horo H3 3JieKTpoAOB 1, 
cjiyaeamero aHoaoM, npHMepHo Ha 30% npeBtimaeT CKopocTb nepeMemeHiui nama no 
noBepxHocra sjieicrpofla, cjiy^eamero KaroAOM. BMecTe c TeM, KomxeHTpaima njia3MM 
b6jih3H ,3[H3Ji6KTpHHCCKHx maineK y noBepxHocra 3JieierpoAa - aHOfla npHMCpHO BABoe Bbime 
KOHi^eHTpaipiH iuiajMH y noBepxHOCTH 3JieKTpofla-KaTO^a. Hcnojn>30BaHHe 3jieierpoflOB 1, 
ra6apHTHBie pa3Mepu (imapHHa h AJiHHa) oaHoro H3 KOTopux, cnyacamero aHOAOM, 
OTJiHHaiOTCH ot cooTBeTCTByiomHX pa3MepoB sjieicipoAa, cjiyacamero KaroaoM, Ha 10mm, 
no3BOJiaeT cymecTBeHHO noBbicHTB paBHOMepHOCTb iijiothocth TOKa no noBepxHocra 
3JieKTpoAOB. KaK cjie^cTBHe AaHHoro KOHCTpyKTHBHoro BbmojmeHHH, noBMnaeTCH 
HaAe^cHOCTB pa6oTW HSJY npn MHHHManbHMX pa3Mepax h Macce sjieicrpoAOB 3a chct 
HCKmoHeHHH pe^cHMOB pa6oTM Hny c jiOKanBHofi npHBH3KOH pa3p3WHoro riHTHa. 

no Mepe pacxoAosaHHJi £H3JieKrpHHecKHX mauieK 2 b npouecce aSjiKUHH hx pa6oHHx 
noBepxHOCTeii npOHexoAHT aBTOMaTHnecKaa noaana mameK nocpeacTBOM hx nepeMemeHH* 
k cepe^HHHOH jihhhh pa3p*WHoro KaHaraa c noMomtio npy^KHHHBix TOJiKarejieii 6. OnnccauHH 
nojio^ceHHfl AH3JieicrpHHecKHX mameK oTHocHTCjn>HO sjieicrpoAOB 1 npoH3BOAHTca c 

noMomtio 4>HKCaTOpOB nOJIOECeHHfl 7. 

B npoijecce BMpaSoncH MarepHajia mameK 2 ohh coxpairaiOT cKomeHHyio no 
OTHomeHHK) k cpeflHHHOft jihhhh pa3pHAHoro Kanajia <J>opMy noBepxHocra: paccroaHHe b m i n 
Me^my npOTHBOJiexcaniHMH noBepxHOCTHMH AHSJieicrpHHecKHX mameK co cropoHM 

H30JMTOpa H paCCTOHHHe b max MQTKffy npOTHBOJie^Can^HMH nOBepXHOCT^MH AH3JieKTpHHeCKHX 

mameK co ctopohbi oTKptrroro Topua pa3pjmnoro KaHajia yaoBJieTBopaeT ycjiOBHio: 
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^ monecc yCKOpeHHH IUia3MfcI BO BpeMeHH 3a CTCT HP A F 

cTa6iiini3HpoBaTi. npon;ecc yuwy* 

— ' 2 ' " " B< _ 9, nosBonsCT H3 6 e*a* oca*»e»H, - 

v™*™*™** ^ ZT« KaK, H3BeCTHO, W — » 

noBepxHocra mameK 2bhx HaHam>HOM HaHa m>HOM pexHMe 

B cjiynae BHnojffleHKS ^JieicrpmecKHX mameK np * 

D CJiyios. B03M03KHOCTB OTfleJieHHH 

(CM . 5 H 6), oGpameBHHMH K —« ■ 

0CB OBHO* — «— ~— — — — -H- 

<(n(ra ,e„apcHH»» ,p— B p— < mameK 2. VM— « 

.. ™mnxHocni neperpeioii manual bo Bpem nayiH mkW " J 

- — — — 

fflafflraM1I 2 H ^.rfflMH BJICKipOflBMH 1 paCXOB t«m y(;KopeHIHI 
1 5./„.25%B3aBHO™OC»OXno a BO SH MOKKpB3p W3 B e p™,B3**=K™.HO 

eorBBcoBBHH. napaMerpoB .nam™ > W . 

mane MeKtpoj.aMH. Oienyn owenm,, hhwkthbhocth 
«e» ft~ » - C ° — 



26 

BHenraeft aaeierpHHecKofi uenn, BtraojiHaeMtiM c neabio coraacoBaHHa napaMeTpoB 
BHyrpeHHefl h BHenraefi saeicrpHHecKHx ueneii. 

AonojiHHTCJiBHoe yBejiHHeHHe noroHHoft HHXtyicraBHOCTH paspmmoro xaHaaa h, 
cooTBercTBeHHO, noBwmeHHe 3<i><i>eKTHBHOCTH ycKopeHHH nnasMH Ha6jnoflaerca npH 
H cnojii.30BaHHH sjieiopoflOB 1, BMXOflHbie nacra KOxopBix, pacnoaoaceHHbie sa 
flHajieicrpHHecKHMH inaimcaMH 2 b HanpaBJieHHH ycicopeHHa naasMH, ycxaHOBJieHti nop. 
yraoM a k cpeflHHHOii jihhhh KaHajia. OnTHMaabHoe sHaneHHe yraa a BbiSnpaeTca hs 

ywiOBHa: 10°<a<40°. 

YBejnraeHHe mosm pa6onero BemecTBa, ycicopaeMoro saeKrpoMarHHTHHMH ciuiaMH, 
npn o6meM chhjkchhh pacxoaa paSonero BemecTBa o6ecneHHBaerca b ueaoM npn 
BionojraeHHH cymecrBeHHoro ycaoBHa Bbi6opa xapaKxepHCTHK BHenmeH saeKrpjreecKoii 
ueinr. 
2<C/L, 

r«e C - ajieKTpHHecicafl cmkoctb BHenraeH aaeierpHHecKOH neiiH b mk<E>, 

L - HBwyKiBBHOcrb BHenraeH 3JieKrpiraecKO» Heira b hTh, BeaHHHHy KOTopofl BbiSnpaioT hs 

ycnoBHa: L £ 100 H Th, 

npn BejniHHHe pa3pa«Horo HanpaaceHHa U He MeHee 1000 B. 

n P H yKasaHHbK Bbiuie ycaoBHax pearnisyeTca saaoiraHHe h noaaepacaHHe 
KBasHanepHOflHHecKHX HMnyJibCHBix paspaflOB b paapsmHOM KaHaJie HUY b pesyabTare 
cojraaceHHa HMneaaHCOB BHenraeH h BHyrpeHHeft saeierpHHecKHX Henefi. flaHHWH s^eicr 
nosBoaaer cymecTBeHHO hobhchtb 3<p<peKTHBHOCTb ycKopeHHa naasMbi sa cner HaHOoaee 
pauHOHantHoro HcnoabsoBaHHa pa6oHero BeraecxBa h chhshtb HenpoHSBOflirreJibHbie 
noTepn 3JieKipo3HeprHH bo BHenraeH saeierpHnecKOH neiiH, npeacae Bcero b HaiconHTene 
3Hepnm. KpoMe xoro, CHHaeeHHe HarpeBa HaKonnxejia SHepran sa cner yMeHbrneima noTepb 
saemposHeprHH o6ecneHHBaer noBbuneHHe HaflearaocTH pa6oTH h pecypca HTiy . 

34>$eKTHBHOCTb ycKopeHHa roiasMH HTIY (TaroBaa 3<p<|>eKTHBHOCTb HTiy-3Pfl) npn 
HcnoJibsoBaHHH HnY h cnoco6a ycKopenna naasMU, peaaHsyromnx yieasaHHbie Bbnne 
ycaoBHa, b ananasone snepnra paspaaa 20 - 150 flac Moacer 6brrb yBeairaeHa fl o ypoBHa 
12% - 35 % no cpaBHeHHio c ypoBHeM 3<|)(j)eKTHBHOCTH 6% - 16%, xapaierepHMM ana 
n3BecTHbix aHajioroB HnY h chocoGob ycKopeHHa naa3Mbi. 

flocTHaceHHe Texmraecxoro pesyabTara npn HcnoabsoBaHHH HSOOpexeHHa 
ncwrBepa^aerca noayneHHbiMH sKcnepHMeHTaabHbiMH aaHHbiMH (cm. $hi\ 7, 8 h 9). 
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Ha (jrar. 7 h 8 npeacraBJieHBi KpHBBie h3M6hchhh pa3paflHoro TOKa I (kA) b T-eneHHe 
fljmTejiBHOCTH HMnyjiBca TOKa T (mkc) npH BejiHHHHe 3anacaeMOfi SHeprHH b HaKonHTejie 8 
W = 100 J\y^ noJiynenHBie npn pa6oTe Hny - npoTOTHna ((jmr. 7) h naTeHTyeMoro Hliy 
(4>ht. 8). 

H3 npeACTaBJieHHbix rpa^HHecKHX 3aBHCHM0CTeft cneflyeT, hto b nepBOM cjiynae 
(cm. 4>hi\ 7) KpHBan pa3pjmHoro TOKa I HMeeT bha 3aTyxaK>meft CHHycoHAH c neTBipBMH 
nojiynepnoflaMH, MaKCHMautHOft aMiunnyflofi TOKa 6jiH3Koft k 60 kA h fljnrrejiBHOcTBio 
nepBoro nojiynepHo#a ~ 3mkc. 

Bo btopom cjiynae (cm. 4>ht. 8) 3aryxaHHe KOJieSaHHft pa3pH#Horo TOKa I nponcxoflHT 
b TeneHHe oflHoro nojiynepnofla KOJie6aHHfi. AHajiH3 npouecca noKa3BiBaeT, hto nocjie 
nepBoro pa3pjma HaKonHTejia b HeM ocTaercji He^ojiee 15% ot ypoBHa 3anacaeMoft 3HeprnH. 
OcTaBineecH b HaKOinrrejie kojikhcctbo 3HeprHH He no3BOJiaeT ocymecTBHTB BTOpoft npo6oa 
pa3pHOToro npOMeacynea b TeneHHe HMnyjiBCHoro pa3p*ma HaKomrrejra. Ilpa stom 
MaKCHMajibHaa aMiuiHTyzja TOKa b TeneHHe nepBoro nonynepHoaa cocTaBJiHCT ~ 42kA, a 
OTirrejibHOCTb nepBoro nojiynepnoaa ~ 10 mkc. 

Ha 4>hi\ 9 npeflcxaBjieHH nojiyneHHbie b pe3yjiBTare npoBeaeHHBix 3KcnepHMeHTOB 
ocnHJUiorpaMMbi pa3paAHoro TOKa I HTiy, BunojmeHHoro cornacHO H3o6peT€HHio. npH 
pa6oTe Hny 6kui peajiH30BaH nareinyeMHH cnoco6 ycKopeinra iuia3MM. BejiHHHHa 
3Hepnm, 3anacaeMoft b HaKomrrejie 3HeprHH, cocTaBJiHJia 20 Ryz. HccjieflOBaHira 
npOBO^iuiHCb fljra pa3JiHHHMx cooTHoineHHH napaMeTpoB ChL BHeimreii sjieiopHHecKOH 
uenH Hny. fljw 3Toro HcnojiB30BanHCB Tpn BapHaHTa BHemHefi uenn HTiy: 3JieiapHHecKaH 
uent coflepaeajia jspa? TpH h nextipe KoimeHcaropa. YKa3aHHMM BapnaHTaM BHeuiHea 
3jieKTpHHecKOli ijenn cooxBercTByioT KpHBBie «2C», «3C» h «4C», H3o6paaceHHBie Ha <|>Hr. 9. 

CooTBeTCTBeHHO BejiHHHHe eMKOcra HaKonHTejw 3HeprHH nsui Kaacaoro H3 sapnaHTOB 
BHenmeH 3JieicrpHHecKOH ijeim h3mchhjiocb cooraoniemie napaMeipos CkL GTHomeHne 
C/L jyw kphboh «2C» paBHO eflHHHue, jsjm KpHBoii «3C» - 2,6, a KpHBoii «4C» - 3,7. 
BejiHHHHa 3<J)<|)eKTHBHocTH ycKopeHHa mia3MM (thtoboh 3<j)<|>eKTHBHOCTH Hny-3Pfl) 
Tpex BapnaHTOB BHenmeH 3JieKTpHHecK0H ueira Hny CooTBeTCTBeHHO cocxaBJuuia: 6,0 % - 
KpHBan «2C», 9 % - «3C» h 1 1% - «4C». 

B pe3yjn>TaTe npoBe^eHHMx HCCJieaoBaHHft <>bijio ycTaHOBJiCHO, hto cymecraeHHoe 
yBejiHneHHe 3<|)<|>eKTHBH0CTH ycKopeHHH mra3MBi HaHHHaeT iipohbjihtbch npn BBmojraeHHH 
o6mero ycnoBHa BBiSopa xapaicrepHCTHK BHemHefi sneicipHHecKOH i^enH Hny: 
2^ C/L, 
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r«e C— 3JieKTpHHecKM cmkoctb BHemneH ajieicrpHHecKOH nenn b mkO, 

L - HHflyKTHBHOCTb BHdllHefi 3JieKTpHHeCKOii JjeilH B HrH, BeJIHHHHa KOTOpOH BBlSpaHa H3 

ycjioBHH: L ^ 100 h Th. 

KpoMe Toro, 6bdih npoBe^erai HCCJieaoBaHHa xapaicrepHCTHK VSUY npH pa3JiHHHbix 
3HaneHHHx 3Hepran, 3anacaeMOfl b HaKonirrejie. Ilpn BejmHHHe 3anacaeMOH 3HepniH 
W=20fl»c MaKCHMajn>Haa 3$$ckthbhoctb ycicopeHHH iuia3MM cocTaBjuuia 11%, npH 
W=60fl>K - 20%, npn W=100flac - 27% h npH W=150 flac - 33%, HsMeHeHHe 
xapaicrepHcniK Hliy npn 6ojibiiihx 3HaHCHHHx 3HepraH W oijeHHBajiocB nyreM 
aimpoKCHMaimn sKcnepHMeHTantHo nonyHeHH&ix 3aBHCHMOCTeft b o6jiacTH bmcokhx 
3HaneHHfi 3anaceHHoii b HaKonirrejie sHeprra. 

rioJiyHeHHbie flamme cBHAeTejiBCTByiOT, hto 3$$eKTHBHOCTi> npouecca ycKopemra 
njia3Mbi, ocymecTBJiHeMoro c noMombio naTeHTyeMoro Hliy h peajiH3yeMoro b 
cooTBeTCTBHH c nareinyeMMM cnocoSoM, b cpeflHeM b flBa pa3a npeBumaeT THTOByio 
34>$eKTHBHOCTi> HEBecTHbix aHanoroB npn paBHbix 3HaneHHHX 3anacaeMofi b HaKonirrejie 
3Hepran. 

B npcj^cTaEESHHOH mrae TaSjmije npHBeaeHbi pe3yjn>TaTH cpaBHHTejibHbix 
HcnbrraHHH Hny ^eipoTOTiraa h naTeHiyeMoro HTIY , c noMombio KOToporo peariH3yeTCfl 
naTeHTyeMWH cnceo6 ycKopeHHH ruia3MM. HoMHHanbHafl 3HeproeMKocTB HaiconHTejieil 
3Hepom (KoimeHcarropHtix 6axapeii) cpaBHHBaeMMx HITY ycTaHaBJiHBanacB Ha paBHOM 
ypoBHe: W=100 JJ?k. 



Ta6jiHua 



OcHOBHbie xapaKTepncTHKH Hliy 


Hliy - npoTonan 


naTeirryeMMH Hliy 


EflKHKHHHK HMHyjIbC THFK, H'C 


2,3 10* 3 


2,8- 10" 3 


Pacxofl pa6onero BemecTBa, Kr/HMnyjibc 


1.9-10" 7 


1.5-10" 7 


y^ejiBHtifl HMnyjibc, c 


1.2510 3 


1.8510 3 


MaKCHMajibHaa 3<p<J>eKTHBH0cn» ycKopeHHH 
njia3MBi (xaroBaa 3(|) 4> eKTHBHO cn> Hny- 

sm, % 
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H3 npeacraBBeHBUX 3 KCne P HMe B ram.H H x aaHBUX cne W er, *r 

v/vro h RMiiie icm y 60JIMHHHCTM H3BCCTBWX aHaBoroB, 
jiap&KTepHCTHKH Hliy npoTOTHna, xots b Btnn© ^ „„, 

oZsko obh c^hho — coo^ero^ "^JThh-o c 

naTOBTVCMUC WIV . cnoco6 yCKopeHH* -™ 3a o« .obbcchhb no cpaBHCHHio 

^opeHBB , — . — - ~ — BenpOB3B„„OTO p^» 
. ™™« 3a cbct vMeHbrncHM Bowpi. aaeKrpoaBeprffi. bo BBenraeB 
pa60-.ro BCB.ec™, a TO«e3B ^ ^ eKrBBB00riK > ycKopeHBB bb^mh. 

MeKTMPKCKoft uerai o6jia«aK>T 6<wiee bhcokoh vv —_„, cd >ew 

flolceBBe aaeaoTO «— « F-*«- bosbobb. cyB.ecroeBHO 

„o nP v™nm erO AyHKUHOHHpOBaHIM B yenOBHKX JKeCTKHX 

m «M(.HeHnit OTiy, noBbicHTb HajnexcHOCTb ero yyn^w r 

HW H OBOC06 yCKOpeBHB BBB3MB, O^eCXBBB^ C BOMOB.,0 HHV MO^ HB*TB 

JLx ooaacrax tcxhbkb. B nepayK, OBepeaa nBasMCBHB* ycKopBTOBB 

„ CH00O6 yCKOpKreltt M0 _ HCB0Bt3OBaTtCB «BB 

:"eTp— PO»a - — M bpo^, bbb 

KOTOp&K B eo6xOflBMO C03B88HC BHCOKOCKOpOCTBHX BBa3MCHBHX BOTOKOB. 

P K p„ M e toto, bo» Ha**. B^poKoe Bp— 

bpobccL: »- o6pa6oTKH BO.epxBoo™ — , BanwBeBHB 

H0BHX KOMII03BIIBOHH6DC MBXepBaBOB. flp,TBM BB^HM "^""^ „ 

nwinfiiieHHc aaseMHHx aKCBepHMenrajiBHtB BCCfleflOBaHHH B 

H306p6TOBBfl WWTOB . npOBOTHK KB3MH aOSJBftCTBBB 
HCBBIIBBBfi BOBBCC o6pa3UOB TOXHBKB BOCp^OTBOM HMHTBBBB 
BHCOKOCKOpOCTBHX BJia3MeBHfclX BOTOKOB BB HCCBCflyCMHC O&BCKTH. 
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<W)PMyJIA H30BPETEHHH 



, HMnynacHB* n^eHHH* y«°P— «"•—* "™ 

LpyKBnero Marepnana, pasp^ Kanaa c oraparxoH ropneaoB «»* 
^ oopa30Bana. ooaep™ «P«- - — *— ^"""Z 

c „aM» H n_e« -«» — 

„ y^O^ « » -»» IM3P " flHOr ° 

" OBOTOB _« — . ..^P— 

- - xapaKrcpHcrnKB BHcnjHcH ,„«koh nam, ycaop^ 

BblSpaHBI H3 yCJIOBHH: 

2<au 

ra e C - 3Be„Ba* _ BBennreB 3„e,crp OT ecKOH nenn a 

L - BHWKrH.BO.ra .anemBen wqncn* — " BeHmHHa 

y noBJieTBOpJieTyo«siE0io:L<lOOHrH. nll _ nmett 

2. ycKopu-aa no n.l, ox—antc* «m, « xaparcrepHcraKH BHCneeB 
^^crpmecKOH neBH^KopHTaaa aa,6pa«. bs ycnoBHa: 2 <. C/L s 5. 

3. ycKOpa^a no =.1, o—nnnca ™ -W— BHeuiHeH 
jBerrpB-ecKoft uenBBHSHpawca a wianasoHe L-20 - 100 *Tb 

4. VcKOpBTeaa no n. 1. ~ ™ — *~ — — " ^ 



njiacTHH 



r'yoKOpB^ no n. ., -—hbc, ««, - — " 

f y„» no n. 1, ow*— « ™ — I— -™ 
—11 c a03«o™ nepeMenreBB* a aanpaaaeHBH k cpe^HHOB bbhbb 

— ~ - — — *— M non 

^earpH^cKHX mameK h cpeaoraoM, o6ecneBBBaK>mBM bx nepeMemoHHO. 
flH3BeKTpH<KKKn* . „ mnmrroDe vcxaHOBUCHHOM MOW 

7 ycKopHTOB, no n.l, ornBHaronrHBCB -km, «no a Hsoaarope, yoran 
sneicrpoBaMH, BanroBHoHO yrny6ne»Be, o6pan,eHBoe K ycK0pBtenaHO«y KaBany. 

. Vckopb^ no ,., «— - - - » — 
3Be K rpo fl aMH, > a H oryma, oopanreHBHe K *-^-> — 
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jcaajieKTpHHecKHX inaiHKax BtmojiHeHBi yr^eHHH, cooxBexcxByKmme no *o P Me 
BHcxynaM EOOJiflTopa. 

9. YcKopHTenb no n.l, oxjiHHaKOTC* xeM, hxo K aac«aa hs ^eicrpiwecKHX manieK 
BBmojraeHa, no MeHBinefi Mepe, c o«hhm npo^HHM BBicxynoM, o6pameHHBiM k 
aneiapofly. 

10. YcKopHTenB no n. 1, OTJinnaioinHHCH xeM, hto noBepxnocTH ansaeKxpHHecKHx 
mameK, o6 P ameHHBie k paspn^oMy Kanaay, Bunonnenu CKomennBiMH no OTHomenmo k 
cpeflHHHofi jihhhh paapannoro Kanaaa xax, hxo paccxoHHHe b min Mew npoTHBone^amnMH 
noBepxnocTHMH ^eKrpHHecKHX mameK co cto P ohbi nsonaropa h paccxoanne b max Mew 
npoTHBOJieacamHMH nonepxHocTHMH ^eKrpHHecKHX mameK co cxopon* oxKpBrroro 
Topna paspjumoro Kaaajia yflOBJiexBopsiox ycaoBffio: b ma x/b m in^ 1,2. 

1 1 . ycKopHxem, no n. 1, oxmwaioimiHca xeM, to nacxn saeKxpoflos, pacnono^HHBie 
sa ^neKxp^ecKHMH maimcaMH b HanpaBaenHH yeKopemia naaaMBi, ycxanoBaenBi noa 
yraoM a k cpeflHimoH jihhhh paspsanoro Kanaka, npn 3X0M Bemrenna yraa a BBrffepaexca H3 

ycJioBHJi: 10°<a<40°. 

12. YcKopHxejiB no n. 1, oxannaioimiHCH xeM, hxo nacxa sneKxpoaoB, pacnono^HHHe 
3 a ^eKxpHHecKHMH inaimcaMH b HanpaBJieHHH ycKopenna naaaMBi, BBinonneHBi naaBHO 
cy^mHMHCH b HanpaBJieHHH ycKopenna naaaMBi, npn 3xom MaKCHMajiBHaa d max h 

MHHHMajIBHaa d min HIHpHHa 3neKTpOflOB BBl6H Pai OTCH COFJiaCHO yCJIOBHK): d max /d mi „ £ 2. 

13 YcKopnxeaB no n. 1, oxjiHHaionpiHca xeM, nxo Winna n nmpHna o«Horo H3 
3aeKxpoaoB, cjiy^amero anoaoM, npeBBimaex wnmy . mnpHny Bxoporo 3aeKxpo*a, 
city»camero KaTOflOM. 

14. Cnoco6 ycKopeHHH HJiaaMH, bkjik^ihhh aa^anne paapaaa b paapaanoM 
Ka „ajie njiasMeHHoro ycKopnxeaa c noMonn>io ycxponcxaa HHHHHHpoBaHHH paapana b 
HMnyJibCHyio HOAany paspaanoro nanpaaeeHHa ox HaKonnxena sHepran Hepe 3 BHemmoio 
3neKrpHHecKyK> nem> na awpw naaaMeHHoro ycKopnxeaa, Me W koxo P bimh 
ycxanoBJieHBi ^aeKxpHHecKne mamKH, BBmoJineHHBie H3 a6a H pyK,mero Maxepnaaa, 
oxjiHHato ihh hck xeM, mxo b paapaanoM Kanane ycKopnxeaa aaacnraiox h no W epacHBaK>x 
KBaananepHO^ecKne HMnyjiBCHBie paapaa* npn BenHHHHe pa3 P a«Horo Hanpaacenna U ne 
Menee 1000 B a xapaKxepncxmcax BHenmeH aaeKxpHnecKOH neira ycKopnxejia, 
yAOBJiexBopaiomHX ycnoBHio: 
2L£C, 

r«e C - sjieKxpHHecKaa cmkocxb BHemHefi sjieKxpnqecKOH nena b mk<D, 
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L - HHflyKTHBHOCTB BHeniHeH 3JieKTpHHeCK0H UeilH B hTh, BeJIHHHHy KOTOpOH 

yflOBJieTBopaeT H3 ycjioBHio: L < 100 h Ih. 

15. CnocoS no n. 14, oTjraHaromHHca TeM, hto KBa3HanepHOAHHecKHe pa3pa£Bi 
3a»airaiOT h noAAepacHBaiOT npn xapaicrepHCTHKax BHeinHeft 3jieicrpHHecK0H uenn, 

Bbl6paHHBDC H3 yCJIOBHHI 2 < C/L < 5. 

16. Cnoco6 no n.14, OTJiHnaionmfiCH TeM, hto KBa3HanepHOAHHecKHe HMnyjiBCHtie 
pa3p5mti 3a>KHraK>T h no;mep)KHBaioT npn BenHHHHe pa3p5mHoro HanpH^ceHHH 
LM1000 - 2000 B. 

17. Cnoco6 no n. 14, otjihhzuoiuhhch tcm, hto HHflyKTHBHOcTB L BHenraefi 
3JieKTpnHecKOH ueiiH Bw6HpaK>T b »iana30He L=20 - 100 h Th. 

18. Cnoco6 no n. 14, OTjniHaionmiica TeM, hto pjisl ycKOpemra njia3MM ncnojn>3yioT 
aneiopo^Bi b (jjopMe miacrHH. 

19. Cnoco6 <no;n. 14, OTJiHHaKHAHftcfl TeM, hto ajia ycicopeHHH njia3Mti ncnojiMyioT 
SJieKTpOAH, flnHHai«KOTOpMX npeBtnnaeT npOTJDieeHHOCTB AH3JieKTpHHecKHX inaineK b 
HanpaBJieHHH ycic«peBH£ njia3MBi. 

20. Cnoco6mo*n. 14, oTHHHaroiAHHca TeM, hto b npouecce ycKopemw nna3Mbi 
nepeMemaiOT j^aoieETpHHecKHe mamiCH b HanpaBJieHHH k cpeAmmoH jihhhh pa3paAHoro 
KaHaraa ao <J)HKCHfKffiaKHoro nojioaceHHH othochtcjibho nosepxHOCTH aneiopoAOB. 

21. Cnoco6oioai. 14, oTjraHaronpmcfl TeM, hto ycicopeHHe mia3Mbi ocymecTBJiaiOT b 
pa3pwHOM Kaaajae, -b kotopom noBepxHocra AH3JieicrpHHecKHX maineK BbmojmeHbi 
CKomeHHHMH no QTHomeHHK) k cpe^HHHOH jihhhh pa3p«AHoro KaHaJia TaK, HTO paCCTOKHHe 

b m in Me>KAy HpOTHBOJie^CamHMH nOBepXHOCTHMH ,QH3JieKTpHHeCKHX mameK CO CTOpOHM 
H30JWTOpa H paCCTOHHHe b max MGTKffy npOTHBOJieMCamHMH nOBepXHOCTHMH ( Z0I3JieKTpHHeCKHX 

mameK co cropoHBi OTKpuroro Topua pa3paflHoro KaHana yaoBJierBopflioT ycjioBHio: 

bmax/b m in^ 1>2. 

22. Cnoco6 no n. 14, OTjranaioiAHHca TeM, hto ycicopeHHe iuia3Mbi ocymecTBJimoT b 

pa3pHJ^HOM KaHaJie, B KOTOpOM HaCTH 3JieKTpO^OB, pacnOJIOHCeHHHe 3a flH3JieKTpHHeCKHMH 

inaimcaMH b HanpaBJieHHH ycKopemifl njia3MM, ycraHOBJieHM noa jtjiom a k cpeflHHHoii 
jihhhh pa3pH«Horo KaHajia, npn 3tom BejniHHHy yrjia a BbiSnpaioT H3 ycjioBHa: 
10°<a<40°. 

23. Cnoco6 no n. 14, oTJiKHaiomnficH TeM, hto ycKopeHHe iuia3Mi>i ocymecTBJiaioT b 

pa3p^HHOM KaHaJie, B KOTOpOM HaCTH 3JieJCipOAOB, paCnOJIO^CeHHbie 3a flH3JieKTpHHeCKHMH 

manncaMH b HanpaBJieHHH ycicopeHHH iuia3MM, BbinoJiHeHbi iuiaBHO cyxcaiomHMHca b 
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HanpaBJieHHH ycKopeHHH njia3MBi, npH .3TOM MaKCHMaxtBHyio d max h MHHHMaJi&Hyio d m j n 
mnpHHy ajieicrpoflOB BBi6npaK>T corjiacHO ycjiOBmo: d max /d m in > 2, 

24. Cnoco6 no n. 14, oTJiHHaiomHflcH tcm, *rro ycicopeHHe nJia3MM ocymecTBJMioT b 
pa3pH^HOM KaHane, orpaHHHeHHOM h30jmtopom, b kotopom BbmojiHeHO yrjiy6jieHHe co 
CTopoHbi pa3pflAHoro KaHana. 

25. Cnoco6 no n. 14, oraHHaiomHHCJi TeM, hto ycKopeHne njia3Mu ocymecTBJunoT b 
pa3pHOTOM KaHane, b kotopom fljmHa h nmpHHa o;moro H3 3JieKTpoflOB, cnyacamero aHoaoM, 
npeBBnnaeT AjmHy h ninpHHy BToporo ajieicipofla, cjiyacamero KaroflOM. 



HMnyjibCHuii ima3MeHHbiM ycKOpHTenb h 
cnoco6 ycKOpeHHJi ruia3Mbi 




HwinyjifaCHwit mia3MeHHi»iM ycKOpHTenb 
cnoco6 ycKOpeHHa nna3Mhi 



HMnyjiBCHMH njia3MeHHKM ycKOpurejn, h 
cnocoS ycKopemw ruia3MBi 




Oht. 3 




Our. 4 



HMnyJibCHHH nnasMeHHWH ycKopHrenb h 
cnoco6 ycKopemw iuia3MBi 



2 10 




JEZZZZ5 
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Our. 6 



HMnyjibCHMH njia3MeHHHH ycKopHTejn. h 
cnoco6 ycKopeHHH iukbmh 




Onr.8 



HMIiyJIbCHHH IUia3MeHHMH ycKopHTejiB 

h cnoco6 ycKopeHHH nna3Mbi 




Onr. 9 
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PEOEPAT 



^^n^MKH^VCKOPHT^HCnOCOB 
y CKOPEHHH IIJIA3MM 

Hh^huh W« m „ eH 3a 6l BpyK.m= ro Ma«epH M a > 

HOBepxHCcmo. «P<»- »» ^ oraKIKM ,„epnn, — cobmcotko c 

- — « ^ " «» p^o ro — . 

yCTaHOBneHHHtt «*""? ' ^ ^ueHpoBaHH* paspaAa. 

,^«««— »* TO '» KB0B H3 ycjioBHB; 

j S C/L, r B e C - =mkoctb BB yaoMOT op«« 

3HeprBH . — P-P- ~ 

gejiHBHHe paspMSoro HanpaxeHiBi u 

* ~ :tr:;— " ~ *— — - 

— — — 



